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LIGHT UNFLAVORED MESONS
(S=C= B=0)

For I =1 (m, b, p, a): ud, (uT—dd)/V2, dT;
for =07, h W, w ¢ f, ) c(ud+ dd) + c&(s3)

rt 16Py=17(07)

Mass m = 139.57018 + 0.00035 MeV (S = 1.2)
Mean life 7 = (2.6033 + 0.0005) x 1078 s (S = 1.2)
cr = 7.8045 m
7t — ¢*v+ form factors [?]
Fy = 0.0254 + 0.0017
Fa =0.0119 £ 0.0001
Fy, slope parameter a = 0.10 + 0.06
R = 0.059" 9003
7~ modes are charge conjugates of the modes below.

For decay limits to particles which are not established, see the section on
Searches for Axions and Other Very Light Bosons.

p

=t DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
wtu, [b] (99.9877040.00004) % 30
vy [c] (200 +025 )x10~4 30
et ve [b] (1230 +0.004 )x10~4 70
et vey [c] (739 4005 )x10°7 70
et yenl (1.036 +0.006 )x 108 4
etveete~ (3 +05 ) x1072 70
etvevv < 5 x 1076 90% 70
Lepton Family number (LF) or Lepton number (L) violating modes
utoe L [d < 15 x 1073 90% 30
wtve LF  [d] < 80 x 1073 90% 30
u"etetv LF < 16 x 1076 90% 30
0 1CUPCG =170~ 1)
Mass m = 134.9766 + 0.0006 MeV (S = 1.1)
m,. —m_o = 4.5936 £ 0.0005 MeV
Mean life 7 = (8.52 + 0.18) x 10717 s (S =1.2)
cr =255 nm
For decay limits to particles which are not established, see the appropriate
Search sections (AY (axion) and Other Light Boson (X") Searches, etc.).
Scale factor/ p
70 DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
2 98.823+0.034) % S=1.5 67

~ positronium 1.82 +0.29 ) x 1079 67

(
ete ( 1.174+0.035) % S=1.5 67
(
etete e~ (334 £0.16 ) x 1075 67
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ete™ (646 +£0.33 ) x 108 67
4y < 2 x1078  CL=90% 67
v le] < 27 x1077  CL=90% 67
VeTe < 17 x 1076 CL=90% 67
VuTy < 16 x 1076 CL=90% 67
v, U, < 21 x 1076 CL=90% 67
YT < 6 x 1074 CL=90% 67

Charge conjugation (C) or Lepton Family number (LF) violating modes

3y c < 31 x1078  CL=90% 67
ute~ LF < 3.8 x 10710 CL=90% 26
pet LF < 34 x1079  CL=90% 26
putem + p-et LF < 36 x 10710 cL=90% 26

/G(JPC) — 0+(0*+)

Mass m = 547.862 + 0.018 MeV
Full width ' = 1.31 4 0.05 keV

C-nonconserving decay parameters

rta— a0  left-right asymmetry = (0.09+312) x 10—2
rta~ a0  sextant asymmetry = (0.12F319) x 102
at7~ 70  quadrant asymmetry = (—0.09 + 0.09) x 1072
ata~y  left-right asymmetry = (0.9 + 0.4) x 1072
atr=y B (D-wave) = —0.02 4+ 0.07 (S = 1.3)

CP-nonconserving decay parameters
7+ r~ et e decay-plane asymmetry Ay = (—0.6 + 3.1) x 1072

Dalitz plot parameter

07070  a = —0.0315 + 0.0015
Scale factor/ p
n DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Neutral modes
neutral modes (72.124+0.34) % S=1.2 -
2y (39.41+0.20) % s=1.1 274
370 (32.6840.23) % s=1.1 179
702y (27 £05 ) x 104 s=1.1 257
2792y < 12 x1073  CL=90% 238
4y < 28 x 1074 CL=90% 274
invisible < 1.0 x10~4 CL=90% -
Charged modes
charged modes (28.10+0.34) % S=1.2 -
atr n0 (22.92+0.28) % s=1.2 174
atay ( 4.22+0.08) % S=1.1 236
ete vy (6.9 £0.4 )x103 s=1.3 274
wtp=y (31 £0.4 )x10~4 253
ete < 56 x 1076 CL=90% 274
utp~ (58 +£08)x107® 253
2et2e~ ( 2.4040.22) x 1072 274
rta~ete (v) ( 2.68+0.11) x 10—4 235
ete ptpu~ < 16 x 1074 CL=90% 253
2ut o < 36 x 1074 CL=90% 161
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ptp=ata™ < 36 x 1074 CL=90% 113

nte e+ cc. < 17 x1074  CL=90% 256

ata 2y < 21 x 1073 236

ata— a0y <5 x 104 CL=90% 174

7Ot uy <3 x1076  CL=90% 210

Charge conjugation (C), Parity (P),
Charge conjugation x Parity (CP), or
Lepton Family number (LF) violating modes

70y c <9 x107%  CL=90% 257
ot P,CP < 13 x 1075 CL=90% 236
270 P.CP < 35 x10=%  CL=90% 238
270~ c <5 x10=%  CL=90% 238
370~ f < 6 x1075  CL=90% 179
3y c < 16 x 1072 CL=90% 274
470 P.CP < 6.9 x10=7  CL=90% 40
mlete~ c Ifl1< 4 x1075  CL=90% 257
Ot c 1< 5 x1076  CL=90% 210
prem + pmet LF < 6 x1076  CcL=90% 264

f6(500) or o 1£] 1G(JPCy — o+(o++

(J7H)=07(0TT)
was f;(600)

Mass m = (400-550) MeV
Full width I = (400-700) MeV

fo(500) DECAY MODES Fraction (I';/T) p (MeVjc)

T dominant -

vy seen -
p(770) 1 16(JPCy =11~ )

Mass m = 775.26 + 0.25 MeV
Full width ' = 149.1 & 0.8 MeV
lee = 7.04 £ 0.06 keV

Scale factor/ p
p(770) DECAY MODES Fraction (I;/T) Confidence level (MeVjc)

T ~ 100 % 363

p(770)* decays

aty ( 45 +05 ) x 10—4 5=22 375
oty < 6 x 1073 CL=84% 152
atatr 0 < 20 x 1073 CL=84% 254

p(770)° decays

ata =y ( 9.9 +1.6 yx 1073 362
70 ( 6.0 £0.8 ) x 10~4 376
Ny ( 3.0040.20 )yx 1074 194
7070 ( 45 +0.8 ) x 10~5 363
utp~ [l ( 455+0.28 ) x 1073 373
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ete [N ( 47240.05 ) x 105 388
atr a0 ( 101753¢£034) x 1074 323
atr—nta~ ( 1.8 £0.9 ) x 1075 251
atr= 070 ( 1.6 +0.8 ) x 10~5 257
nlete~ < 12 x 1075 CL=90% 376
w(782) 1GUPG =01~ )

Mass m = 782.65 + 0.12 MeV (S = 1.9)

Full width ' = 8.49 4+ 0.08 MeV

lee = 0.60 + 0.02 keV

Scale factor/ p
w(782) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
atrx0 (89.2 £0.7 )% 327
70 (8.28+0.28) % S=2.1 380
ata~ (1531010 S=1.2 366
neutrals (excludingz®+~) (8 *& )x103 S=1.1 -
ny (46 £0.4 )x10~4 S=1.1 200
nlete (7.7 +0.6 ) x10~4 380
70t (1.3 £0.4 )x10~4 s=21 349
ete~ ( 7.28+0.14) x 1075 5=13 391
ata— 7070 < 2 x1074  CL=90% 262
atn =y < 36 x 1073 CL=95% 366
atrrta— <1 x 1073 CL=90% 256
w070y (6.6 £1.1 )x 105 367
0y < 33 x1075  CL=90% 162
utp~ (9.0 £3.1)x1072 377
3y < 1.9 x10~4 CL=95% 391
Charge conjugation (C) violating modes
nm0 c < 21 x10=4  CL=90% 162
270 f < 21 x10~4  CL=90% 367
370 c < 23 x10~4  cL=90% 330
1'(958) 16(JPC) =0t~ )
Mass m = 957.78 + 0.06 MeV
Full width ' = 0.198 + 0.009 MeV
p
7/(958) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
ataTy (429 £0.7 )% 232
o9~ (including non-resonant (29.1 +0.5 )% 165
7t )

w70y (22.2 £0.8 )% 239
wy ( 2.7540.23) % 159
vy ( 2.20£0.08) % 479
30 ( 2.14+0.20) x 103 430
whp=y ( 1.08+0.27) x 10~4 467
atrptu~ < 29 x 1073 90% 401
ata— 0 (3.8 +£0.4 )x10-3 428
70 p0 < 4 % 90% 111
2(rt w7 < 24 x 1074 90% 372
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atr= 270 < 25 x 1073 90% 376
2(nt 77) neutrals <1 % 95% -
2(rt Ym0 < 19 x 1073 90% 298
2(rt ) 2n0 <1 % 95% 197
3(rt ) < 31 x 1075 90% 189
atr—ete™ (24 T13)x1073 458
ate ve+ cc. < 21 x10~4 90% 469
yete~ <9 x10~4 90% 479
70y < 8 x 1074 90% 469
470 <5 x 10~4 90% 380
ete™ < 21 x 107 90% 479
invisible < 5 x 104 90% -
Charge conjugation (C), Parity (P),
Lepton family number (LF) violating modes
atr~ P,.CP < 6 x 1075 90% 458
070 P.cCP < 4 x 10—4 90% 459
nOete c [fl < 1.4 x 103 90% 469
nete~ c fl< 24 x 1073 90% 322
3y c < 1.0 x 104 90% 479
ptp=a® c [f] < 6.0 x 1075 90% 445
wtu=n C fl< 15 x 1075 90% 273
en LF < a7 x 1074 90% 473
1(980) U] 16(JPCy = ot @t 1)
Mass m = 990 + 20 MeV
Full width ' = 40 to 100 MeV
f(980) DECAY MODES Fraction (I';/T) p (MeV/c)
™ dominant 476
KK seen 36
vy seen 495
ag(980) U] 1I6(UPC) =170+ )
Mass m = 980 + 20 MeV
Full width ' = 50 to 100 MeV
30(980) DECAY MODES Fraction (I';/T) p (MeV/c)
nmw_ dominant 319
KK seen t
vy seen 490
#(1020) 16UPCYy =0—(1— )
Mass m = 1019.461 + 0.019 MeV (S = 1.1)
Full width I = 4.266 + 0.031 MeV (S = 1.2)
Scale factor/ p
¢(1020) DECAY MODES Fraction (I';/T) Confidence level (MeVjc)
KK~ (489 05 )% s=1.1 127

KO KY (342 +04 )% S=1.1 110
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0

o+ wtax (1532 £0.32 ) % s=1.1 -
ny ( 1.309+0.024) % s=1.2 363
70 (1.27 +£0.06 ) x 10~3 501
0t — 510
ete~ ( 2.95440.030) x 10~4 s=1.1 510
wtp~ (287 £0.19 ) x 1074 499
nete~ (1.15 £0.10 ) x 104 363
R (74 +£13 )x107° 490
wn® (47 +05 )x107° 172
wy < 5 % CL=84% 209
Py < 12 x 1075 CL=90% 215
rtr=y (41 +13 )x1075 490
15(980)y (322 £0.19 ) x 104 S=1.1 29
a0m0n (1.13 £0.06 ) x 10~4 492
ata=ata— (40 *28 yx10-6 410
atata a a0 < 46 x1076  CL=90% 342
nlet e~ (112 £0.28 ) x 1075 501
w0ny (7.27 £0.30 ) x 1075 S=15 346
ap(980) v (7.6 +06 )x107° 39
KOKO~ < 19 x 1078 CL=90% 110
7'(958) v (625 £0.21 ) x 107 60
070y < 2 X107  CL=90% 293
utu=y (14 +£05 )x107° 499
PYY < 12 x1074%  CL=90% 215
nata~ < 18 x1075  CL=90% 288
nutp~ < 94 x 1076  CL=90% 321
nU — nete~ <1 x1076  CL=90% -
Lepton Family number (LF) violating modes
et uF LF < 2 x 1076 CL=90% 504
hy(1170) 16(UPCy =0—(1+ )
Mass m = 1170 + 20 MeV
Full width ' = 360 + 40 MeV
hy(1170) DECAY MODES Fraction (T';/T) p (MeVjc)
pT seen 308
by(1235) 16UPC) =1+t + )
Mass m = 1229.5 + 3.2 MeV (S = 1.6)
Full width T = 142 £ 9 MeV (S = 1.2)
by (1235) DECAY MODES Fraction (I';/T) Confidence level (Mle)V/c)
dominant 348
[D/S amplitude ratio = 0.277 4 0.027]
Ty (1.6+0.4) x 1073 607
np seen t

atrtr— a0 < 50 % 84% 535
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K*(892)* KF seen T
(KK)* 70 < 8 % 90% 248
KK nt < 6 % 90% 235
KS KO nt < 2 % 90% 235
o < 15 % 84% 147
a1(1260) (1 1IGUPCy =1~ ++)

Mass m = 1230 + 40 MeV [l
Full width T = 250 to 600 MeV

a;(1260) DECAY MODES Fraction (I';/T) p (MeVc)
(PT)s—wave seen 353
(PT)D—wave seen 353
(p(1450)7) s _wave seen i
(p(1450) ) p—wave seen i
om seen -
5(980) 7 not seen 179
fo(1370) 7 seen i
£(1270) 7 seen i
K'K*(892) + c.c. seen i
Ty seen 608
f,(1270) 16(JPCy = ot @2+ +)

Mass m = 1275.1 + 1.2 MeV (S = 1.1)
Full width I = 185.1722 MeV (S = 1.5)

Scale factor/ p
f5(1270) DECAY MODES Fraction (I';/T) Confidence level (MeVc)
T (848 t23 )% 5=1.2 623
ata—2q0 (71 t14y9 5=1.3 562
KK (46 +0.4)% 5=2.8 403
2nt2n~ (28 £04)% S=1.2 559
nn (4.0 £08)x1073 s=2.1 326
470 (3.0 £1.0 )x 103 564
vy (1.6420.19) x 10~5 S=1.9 638
nwmw < 8 x 1073 CL=95% 477
KoK= 7t + c.c. < 34 x1073  CL=95% 293
ete~ < 6 x 10710 cL=90% 638

f1(1285) 16UPCY = ot ++)

Mass m = 1281.9 + 0.5 MeV (S = 1.8)
Full width T = 242 £ 1.1 MeV (S = 1.3)

Scale factor/ p
f; (1285) DECAY MODES Fraction (I';/T) Confidence level (MeVjc)
4 @317 2% S=1.3 568

w0n0at (220F 15 % s=13 566
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27t 2n~ ot 37y % S=13 563
POrtr— ot 31y % $=13 336
po po seen T
470 < 7 x 1074 CL=90% 568
’r/Tr+ T (35 £15 )% 479
N (524 19)% $=1.2 482
a0(980) 7 [ignoring ag(980) — (36 £7 )% 238
KK]
nmr [excluding ap(980) 7] (16 £7 )% 482
KKm ( 9.0+ 0.4)% s=1.1 308
K K*(892) not seen f
atr a0 ( 3.0+ 0.9)x 1073 603
pErT < 31 x 1073 CL=95% 390
7 p° (55+ 1.3)% 5=238 407
R (7.4+ 26)x1074 236
n(1295) 1GUPCYy =0t~ )
Mass m = 1294 4+ 4 MeV (S = 1.6)
Full width ' = 55 4+ 5 MeV
n(1295) DECAY MODES Fraction (I';/T) p (MeVjc)
r/7r+ T seen 487
ap(980) seen 248
777r0 w0 seen 490
n(77)s-wave seen _
7(1300) 1GUPC =100~ *)
Mass m = 1300 + 100 MeV U]
Full width T = 200 to 600 MeV
w(1300) DECAY MODES Fraction (I';/T) p (MeVc)
pT seen 404
7(77) s-wave seen _
3,(1320) 16UPCY =12+ +)
Mass m = 1318.3702 MeV (S = 1.2)
Full width I = 107 = 5 Mev [

Scale factor/ p
a5(1320) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
3 (701 £27 )% s=1.2 624
nm (145 +12 )% 535
wmm (106 +32 )% S=1.3 366
KK (49 £08)% 437
7' (958) 7 (53 £09 )x103 288
Tt ( 2.68+0.31) x 10~3 652
vy (9.4 £07 )x107° 659
ete~ <5 x 1079 CL=90% 659
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f(1370) U1 1GUPCY = ot + )
Mass m = 1200 to 1500 MeV
Full width ' = 200 to 500 MeV
fo(1370) DECAY MODES Fraction (I';/T) p (MeV/c)
T seen 672
4m seen 617
470 seen 617
ontor— seen 612
ata 270 seen 615
pp dominant t
2(mm)s-wave seen -
m(1300) 7 seen f
a1(1260) 7 seen 35
nn_ seen 411
KK seen 475
KKnm not seen t
6m not seen 508
ww not seen T
Yy seen 685
ete~ not seen 685
m1(1400) [ 16PC =11~ )
Mass m = 1354 £ 25 MeV (S = 1.8)
Full width ' = 330 & 35 MeV
y(1400) DECAY MODES Fraction (I';/T) p (Mevjc)
777T0 seen 557
nmwo seen 556
n(1405) [ 6P =0t )
Mass m = 1408.8 + 1.8 Mev [ (S = 2.1)
Full width I = 51.0 £ 2.9 MeV 1 (S = 1.8)
p
n(1405) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
KKnm seen 424
ks seen 562
ap(980) seen 345
n(7m)s-wave seen _
5(980)7n seen T
4 seen 639
pp <58 % 99.85% i
po’y seen 491
K*(892) K seen 123
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f1(1420) [°] 16(JPCy = ot t+)

Mass m = 1426.4 + 0.9 MeV (S = 1.1)
Full width T = 54.9 + 2.6 MeV

f,(1420) DECAY MODES Fraction (I';/T) p (MeVjc)
KKr dominant 438
KK*(892)+ c.c. dominant 163
nmwmw possibly seen 573
[oZeT seen 349
w(1420) (4] 1GUPCY =01 )

Mass m (1400-1450) MeV
Full width T (180-250) MeV

w(1420) DECAY MODES Fraction (I';/T) p (MeVjc)

p dominant 486

wTT seen 444

b1(1235) 7 seen 125

ete~ seen 710
ap(1450) U] 1I6UPC) =170t )

Mass m = 1474 + 19 MeV
Full width ' = 265 + 13 MeV

ag(1450) DECAY MODES Fraction (I';/T) p (MeVjc)
™) seen 627
71 (958) seen 410
KK seen 547
wmT seen 484
ap(980) 7 seen 342
Yy seen 737
p(1450) U] 16(JPC =1t~ )

Mass m = 1465 + 25 MeV []
Full width T = 400 & 60 MeV [l

p(1450) DECAY MODES Fraction (I';/T) p (MeV/c)
T seen 720
4m seen 669
ete™ seen 732
np possibly seen 311
a,(1320) 7 not seen 54
KK not seen 541

KK*(892) + c.c. possibly seen 229
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ny possibly seen 630
fo(500) not seen -
15(980)~ not seen 398
fo(1370)~ not seen 92
£(1270) v not seen 178
n(1475) 16UFG =0t )
Mass m = 1476 = 4 MeV (S = 1.3)
Full width T = 85 + 9 MeV (S = 1.5)
n(1475) DECAY MODES Fraction (I';/T) p (MeV/c)
KK= dominant 477
K K*(892)+ c.c. seen 245
ap(980) seen 396
Yy seen 738
f(1500) ("] 1GUPCy = ot + )
Mass m = 1505 + 6 MeV (S = 1.3)
Full width ' = 109 + 7 MeV
p
fo(1500) DECAY MODES Fraction (I';/T) Scale factor  (MeV/c)
T (34.94£2.3) % 1.2 741
ata~ seen 740
270 seen 741
41 (49.5+£3.3) % 12 691
470 seen 691
ot 2n~ seen 687
2(mm)s-wave seen -
pp seen T
(1300) seen 144
a1(1260) seen 218
nn (5.140.9) % 1.4 516
7 (958) (1.940.8) % 1.7 T
KK (86+1.0)% 1.1 568
vy not seen 753
%(1525) 16(JPCy =ot@2++)
Mass m = 1525 + 5 MeV [l
Full width T = 73+& Mev [
1(1525) DECAY MODES Fraction (I';/T) p (Mevjc)
KK (88.7 £22 )% 581
nn (104 £22 )% 530
s (82 £15)x1073 750
vy ( 1.10+0.14) x 10~© 763
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m1(1600) ["! 1I6PC =1~ )

Mass m = 166278 MeV
Full width I = 241 =+ 40 MeV (S = 1.4)

m1(1600) DECAY MODES Fraction (I';/T) p (MeVjc)

T not seen 803
po T not seen 641
H(1270) 7~ not seen 318

b1(1235) 7 seen 357

7' (958) 7~ seen 543

f,(1285) 7 seen 314
72(1645) 16UPCY = ot2— )

Mass m = 1617 + 5 MeV
Full width I = 181 + 11 MeV

12(1645) DECAY MODES Fraction (I';/T) p (MeV/c)

a(1320) 7 seen 242

KKnm seen 580
K*K seen 404
+ —

nmtmw seen 685

ap(980) seen 499

(1270) 7 not seen f

w(1650) I°] 16UPCY =0~ )

Mass m = 1670 + 30 MeV
Full width ' = 315 + 35 MeV

w(1650) DECAY MODES Fraction (I';/T) p (MeV/c)

pT seen 647

W seen 617

wn seen 500

ete~ seen 835
ws3(1670) 16UPC =037 )

Mass m = 1667 + 4 MeV
Full width T = 168 & 10 MeV [l

w3(1670) DECAY MODES Fraction (I';/T) p (MeVjc)
p seen 645
wmT seen 615

b1(1235)7 possibly seen 361
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m5(1670)

IG(JPC) — 1*(2*+)

Mass m = 1672.2 + 3.0 Mev [ (S = 1.4)
Full width T =260 + 9 Mev [1 (S =1.2)
mo(1670) DECAY MODES Fraction (I';/T) Confidence level (Msv/c)
3 (95.8+1.4) % 809
£(1270) (56.3+3.2) % 329
p (31 +4 )% 648
om (10.9£3.4) % -
(77) s-wave (87+34)% -
KK*(892) + c.c. (4.2+1.4) % 455
wp (27£1.1)% 304
vy < 28 x10~7 90% 836
p(1450) 7 < 36 x 1073 97.7% 147
by (1235) 7 < 19 x 1073 97.7% 365
f1(1285) possibly seen 323
a»(1320) 7 not seen 292
#(1680) 1I6(JPCy =0—1— )

Mass m = 1680 & 20 MeV [l
Full width T = 150 + 50 MeV [l

#(1680) DECAY MODES Fraction (;/T) (MeV/c)
K K*(892) + c.c. dominant 462
KOS K seen 621
KK seen 680
ete~ seen 840
W not seen 623
KtK=atzn— seen 544

p3(1690) 16UPC) =1+~ 7)

Mass m = 1688.8 + 2.1 MeV [
Full width I = 161 & 10 MeV 1 (S = 1.5)
p3(1690) DECAY MODES Fraction (I';/T) Scale factor (M[e)V/c)
4x (711 + 1.9 )% 790
atat a0 (67 +22 )% 787
wm (16 +6 )% 655
T (23.6 + 13 )% 834
KKn (38 +12)% 629
KK ( 1.58+ 0.26) % 1.2 685
n atn~ seen 727
p(770)n seen 520
TP seen 633
Excluding 2p and a,(1320) .

a,(1320) seen 307
seen 335

pp
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p(1700) [

/G(JPC) — 1+(1 -)

Mass m = 1720 & 20 MeV 1 (p° and 7+ 7~ modes)
Full width I = 250 & 100 MeV [ (5% and 7+ 7~ modes)

p(1700) DECAY MODES Fraction (I';/T) p (MeV/c)
2zt large 803
pTT dominant 653
po ata~ large 651
pEnF a0 large 652
a1(1260) seen 404
hi(1170) 7 seen 447
m(1300) 7 seen 349
pp seen 372
rtr~ seen 849
T seen 849
KK*(892) + c.c. seen 496
np seen 545
a,(1320) 7 not seen 334
KK seen 704
ete” seen 860
wOw seen 674

fo(1710)

/G(JPC) =0t )

Mass m = 17228 MeV (S = 1.6)
Full width I = 135 £ 7 MeV (S = 1.1)

fo(1710) DECAY MODES Fraction (I';/T) p (MeV/c)

KK seen 705

nn seen 664

s seen 850

ww seen 358
7(1800) 1GUPC =100~ )

Mass m = 1812 + 12 MeV (S = 2.3)
Full width T = 208 + 12 MeV

(1800) DECAY MODES Fraction (I;/T) p (MeVjc)
atr—a~ seen 879
fo(500) 7~ seen -
6(980) 7~ seen 625
fo(1370) 7~ seen 368
fo(1500) 7~ not seen 250
P not seen 732
nnmw- seen 661
2p(980)n seen 473
a,(1320)n not seen f
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£(1270) not seen 442
fo(1370) 7~ not seen 368
fo(1500) m— seen 250
nn'(958) 7~ seen 375
K§(1430) K~ seen T
K*(892) K~ not seen 570
¢3(1850) 16(UPC =037 ")

Mass m = 1854 + 7 MeV
Full width I = 87+38 Mev (S =1.2)

¢3(1850) DECAY MODES Fraction (I';/T) p (MeV/c)

KK seen 785

K K*(892)+ c.c. seen 602
m5(1880) 16UPG =12~ )

Mass m = 1895 + 16 MeV
Full width ' = 235 + 34 MeV

£,(1950) 16(JPCy = ot + )

Mass m = 1944 & 12 MeV (S = 1.5)
Full width I = 472 + 18 MeV

,(1950) DECAY MODES Fraction (I';/T) p (MeVjc)
K*(892) K*(892) seen 387
rta~ seen 962
7070 seen 963
4m seen 925
nn seen 803
KK seen 837
vy seen 972
pp seen 254
£,(2010) 16(PC) = ottt

Mass m = 2011753 Mev
Full width I = 202 + 60 MeV

£,(2010) DECAY MODES Fraction (I';/T) p (MeV/c)

OO_ seen t
KK seen 876
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24(2040)

/G(JPC) — 1*(4++)

Mass m = 1996 713 Mev (S = 1.1)
Full width I = 255728 MeV (S = 1.3)

a4(2040) DECAY MODES Fraction (I';/T) p (MeVjc)
KK seen 868
ata=n0 seen 974
pT seen 841
£(1270) seen 580
wm T seen 819
wp seen 624
7]7r0 seen 918
7' (958) seen 761
£,(2050) 1G(UPCy = ot @@t +)
Mass m = 2018 £+ 11 MeV (S = 2.1)
Full width I = 237 + 18 MeV (S = 1.9)
f4(2050) DECAY MODES Fraction (I';/T) p (MeVjc)
ww seen 637
T (17.0+1.5) % 1000
KK (68+34)x 1073 880
nn (21£0.8) x 1073 848
470 < 12 % 964
a>(1320) 7 seen 567
#(2170) 16(JPC) =01~ )
Mass m = 2175 + 15 MeV (S = 1.6)
Full width I = 61 + 18 MeV
#(2170) DECAY MODES Fraction (I;/T) p (MeVc)
ete~ seen 1087
¢1,(980) seen 416
KT K™ 1(980) — KT K= 7T7~ seen -
Kt K~ £(980) — KTK~=7%70  seen -
K*0 K+ sl not seen 770
K*(892)0 K*(892)° not seen 622
(2300) 16(UPCy = ot ++)
Mass m = 2297 £ 28 MeV
Full width T = 149 £ 40 MeV
>(2300) DECAY MODES Fraction (I';/T) p (MeVjc)
o9 seen 529
KK seen 1037
Yy seen 1149
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£,(2340) 1GUPCY = ot + )

Mass m = 2339 + 60 MeV
Full width T = 319780 Mev

f,(2340) DECAY MODES Fraction (I';/T) p (MeV/c)

[030) seen 573

nn seen 1033
STRANGE MESONS

(S=+1,C=B=0)

Kt =us, KO = ds, KO =ds, K~ =Ts, similarly for K*'s

K+ 10P) = 3(07)

Mass m = 493.677 + 0.016 MeV [] (S = 2.8)
Mean life 7 = (1.2380 = 0.0021) x 1078 s (S = 1.9)
cr =3.712m

Slope parameter g [V]
(See Particle Listings for quadratic coefficients and alternative
parametrization related to 77 scattering)

K* - atata~ g= —0.21134 4 0.00017

(6+ — &)/ (g +&)=(-15+£22)x107*
KE* — 7t7970 g = 0.626 + 0.007

(gr —8-) /(g +&)=(1.8+18)x107*
K* decay form factors [2-x]

Assuming p-€ universality
M (Kif3) = AL (Kg) = (2.97 £ 0.05) x 1072
Mo(Kf3) = (1.95 4 0.12) x 1072
Not assuming p-e universality
AL (KT,) = (2.98 £ 0.05) x 1072
A+(K;3) =(2.96 + 0.17) x 1072
/\O(KI3) = (1.96 £ 0.13) x 1072
Ke3 form factor quadratic fit
Ny (KE) linear coeff. = (2.49 + 0.17) x 1072
)\”+(Kjet3 quadratic coeff. = (0.19 + 0.09) x 1072
K& Ifs/fi| = (-0.310%) x 1072
K& |fr/fe] = (-1.2£23)x 1072
Ky |fs/fi] = (0.2 £ 0.6) x 1072
|fr/fy| = (-01£07) x 1072

+
K/l3
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Kt —

Kt — ILL+V/L’}/ |FA+FV|
KT — eTvey |Fa— Fy
Kt — ;ﬁ'l/ﬂ'y |FA7FV|

Charge Radius
(r) = 0.560 & 0.031 fm

CP violation parameters

A

etvey |Fa+ Fy|=0133+0008 (S=13)

= 0.165 £ 0.013
0.49
= —0.24 to 0.04, CL = 90%

+ -2
A(Kiee)_( 2.2+ 1.6) x 10
A(KZ,,) = 0.010 + 0023

A(KE )= (00+12)x103

Ty

+ - [(cos(0 ,,)>0)—T(cos(fk ,,)<0)

AFB(KWM}L) cos(@KZ)>0)+r(cos(0KZ)<0)
90%

T violation parameters
Kt — mOutv, Pp=(-17+25)x1073
Kt — pfu,y  Pp=(-06+19)x1072

K+t — 7%utv, Im(¢) = —0.006 + 0.008

K~ modes are charge conjugates of the modes below.

K+ DECAY MODES Fraction (T;/T)

Scale factor/
Confidence level (MeV/c)

< 23x1072,CL =

p

Leptonic and semileptonic modes

et e ( 1.58140.007) x 1072
wtu, ( 6355 +0.11 )% s=1.2
et u, ( 5.07 £0.04 )% 5=2.1
Called K{s.
0ty ( 3.353+0.034) % S=1.8
+
Called K“3.
w0n0et v, ( 22 +04 )x1075
rta et ( 4.254+0.032) x 1072
mtruty, ( 1.4 +09 )x1072
w0700ty < 35 x 1076 CL=90%
Hadronic modes
at 70 ( 20.66 +£0.08 )% S=1.2
at 7070 ( 1.761+£0.022) % s=1.1
atata— ( 559 +0.04 )% S=1.3
Leptonic and semileptonic modes with photons
wru,y vzl ( 62 +08 )x103
*v,7(SDT) [a,2a) ( 133 £0.22 )x 107>
ut l/#"y’(SD+|NT) [a,aa] < 2.7 x 1073 CL=90%
ut v,7(SD™ + SDTINT) [a,aa] < 2.6 x 1074 CL=90%
etvey ( 94 04 )x106
mOet vy hzl ( 256 +0.16 ) x 10~4
70et v (SD) [a,aa] < 53 x107%  CL=90%
™ty 2zl ( 1.25 £0.25 ) x 1073
w0n0et vy < 5 x1076  CL=90%

247
236

228

215

206

151
135

205
133
125

236

247
228
228
215
206
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Hadronic modes with photons or £ pairs

at 70y (INT) (- 42 +09 )x1076 -
7t 0~ (DE) wbb] ( 6.0 +0.4 )x10~6 205
ata0a0~ vl (76 T59 )x1076 133
atrtr—~ vzl ( 1.04 £0.31 )x10~4 125
atyy Iyl ( 92 407 )x10~7 227
7t 3y vl < 10 x1074  CL=90% 227
atete vy (119 £0.13 )x 1078 227
Leptonic modes with £Z pairs
et vevv < 6 x1075  CL=90% 247
v, v < 60 x1076  CL=90% 236
etveete™ ( 248 £020 )x10~8 247
'ty ete” ( 7.06 £0.31 )x10~8 236
etveptu~ ( 1.7 +05 )x1078 223
pruwt < 41 x10~7  CL=90% 185
Lepton Family number (LF), Lepton number (L), AS = AQ (SQ)
violating modes, or AS = 1 weak neutral current (S1) modes
atate v, 5Q < 13 x1078  CL=90% 203
mtrtuT o, 5Q < 30 x1076  cL=95% 151
atete s1 ( 3.00 £0.09 ) x10~7 227
atutu~ s1 ( 94 +06 )x1078 S=26 172
rtvo s1 ( 17 £11 )x10~10 227
ataluvp s1 < 43 x1075  CL=90% 205
pvetet LF < 21 x1078  CL=90% 236
wtve LF [d < 4 x1073  CL=90% 236
atute LF < 13 x10711  CcL=90% 214
atu~et LF < 52 x10~10  cL=90% 214
- ptet L < 50 x10710  cL=90% 214
netet L < 64 x10710  cL=90% 227
- utut L [ < 11 x1079  CL=90% 172
ut v, L [0 < 33 x1073  CL=90% 236
et o, L < 3 x1073  CL=90% 228
aty [cc] < 23 x1079  CL=90% 227
KO 10P) = 307)

50% Ks, 50% K|

Mass m = 497.614 £ 0.024 MeV (S = 1.6)

Myo — My = 3.937 £ 0.028 MeV

Mean Square

() = -

Charge Radius
0.077 + 0.010 fm?

(S=18)

T-violation parameters in K9-K? mixing (*]
Asymmetry At in K%-K° mixing = (6.6 & 1.6) x 103

CPT-violation parameters [¥]
Red = (25 +2.3) x10~*

Imd =(—15=+1.6) x 107>

Re(y), K3 parameter = (0.4 & 2.5) x 1073
Re(x_), Ke3 parameter = (—2.9 + 2.0) x 1073

Imyo —
(Mo —

mVO} / Maverage < 6 X 10_19,18CL = 90% [dd]
M%0)/Maverage = (8 + 8) x 10~
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Tests of AS = AQ
Re(xy), Kez parameter = (—0.9 + 3.0) x 1073

K2 1Py = 1(07)

Mean life 7 = (0.8954 + 0.0004) x 107105 (S =1.1) Assuming
CPT

Mean life 7 = (0.89564 4 0.00033) x 10~1%s  Not assuming CPT
cr = 2.6844 cm  Assuming CPT

CP-violation parameters [¢€]

Im(n4_g) = —0.002 + 0.009
Im(noge) = (—0.1 £ 1.6) x 1072

[n000| = |A(KE — 379)/A(KY — 370)] < 0.0088, CL = 90%
CP asymmetry Ain 7t 7= ete™ = (0.4 4+ 0.8)%

Scale factor/ p

Kg DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Hadronic modes

070 (30.6940.05) % 209

rta~ (69.20+:0.05) % 206

ata— 0 (35 *11)x10-7 133
Modes with photons or £¢ pairs

atn =y [zff] ( 1.79+0.05) x 10~3 206

atr-ete~ ( 4.79+0.15) x 10> 206

w0y [ff] (49 +1.8 )x10~8 231

Ty ( 2.63£0.17) x 1076 $=3.0 249

Semileptonic modes
mreFu, [gg] ( 7.04+0.08) x 10~4 229
CP violating (CP) and AS = 1 weak neutral current (S1) modes

370 cP < 26 x1078  CL=90% 139

whtp= s1 <9 x 1079 CL=90% 225

ete~ s1 <9 x 1079 CL=90% 249

nlet e~ st [ (30 T35 )x1079 230

wOput s1 (29 *15)x1079 177
0 Py _ 1/.—
Ki 17 = 3(07)

Mg, — Mg

L S
= (0.5293 + 0.0009) x 101® A s=1 (S =1.3) Assuming CPT
= (3.484 £ 0.006) x 10712 MeV ~ Assuming CPT
= (0.5289 + 0.0010) x 101% A s=1  Not assuming CPT
Mean life 7 = (5.116 4 0.021) x 1078 s (S = 1.1)
cr =15.34m
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Slope parameter g [V]

(See Particle Listings for other linear and quadratic coefficients)
K} — nt7=x0: g=0.678 £0.008 (S =1.5)
K° — 70070 h=(+0.59 +0.20 + 1.16) x 1073

K, decay form factors []

Linear parametrization assuming p-e universality

Ay (KO %) = A4 (K%)= (282 £0.04) x 1072 (S = 1.1)

Mo(K3) = (1.38 £0.18) x 1072 (S =2.2)

Quadratic parametrization assuming u-e universality

N (K93) = N (K3;) = (240 £0.12) x 1072 (S = 1.2)
) = M4 (K%) = (0.20 £0.05) x 1072 (S =1.2)

0
/\// (KH3

/\O(KfB) =(1.16 £0.09) x 1072 (S =1.2)
Pole parametrization assuming p-e universality
MY, (KO n3) = MY, (K%) =878 £ 6 MeV (S =1.1)
Mg (KD3) = 1252+ 90 MeV (S = 2.6)
Dispersive parametrization assuming p-é universality
AL = (0.251 £ 0.006) x 10~ (S = 1.5)
In(C) = (1.75 £ 0.18) x 101 (S = 2.0)
K% |fs/fi| = (157 }¢) x 1072
KO |fr/f] = (5j‘5‘) x 1072
K3 |fr/fe| = (12+12) x 1072
Kp— Ty, K — 00~ ay, = —0205 +
0.022 (S=1.8)
KO — ety KO — re= 00~ aprp = —1.69 +
0.08 (S=1.7)
K. — 7tn~ete™: ay/ap = —0.737 £ 0.014 GeV?
K. — w02y ay = —0.43+0.06 (S=1.5)

CP-violation parameters [¢¢]

A; = (0.332 £ 0.006)%
[moo| = (2.220 +0.011) x 1073 (S = 1.8)

[n4—] = (2232 £0.011) x 1073 (S =1.8)
e| = (2.228 £ 0.011) x 1073 (S = 1.8)
[noo/n+—| = 0.9950 + 0.0007 (M (S = 1.6)
Re(¢'/e) = (1.66 + 0.23) x 1073 [M1l (S = 1.6)
Assuming CPT
= (4351 +0.05)° (S=1.2)

doo = (43.52 £ 0.05)° (S = 1.3)

be=dsw = (43.52 £ 0.05)° (S =1.2)
Im(e’/e) = —(dop — b4_)/3 = (—0.002 + 0.005)° (S =

1.7)
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Not assuming CPT

¢ = (434 £ 0.5)
b0 = (43.7 £ 0.6)°
b = (435 + 0.5)°

° (S=12)
(S = 1.2)
(S =13)

CPasymmetry Ain K9 — ntr=ete™ = (13.7 £ 1.5)%

from K9 — ete ete™
CP I
vcp from K — ete ete

= —0.19 £ 0.07
=0.01 £0.11

jfor K — at =20 =0.0012 £ 0.0008
ffor K9 — a7~ 7% = 0.004 £ 0.006
[74—+] = (2.35 £ 0.07) x 1073

¢+—'y

= (44 £ 4)°

lé,_|/e < 03, CL = 90%
|gg1| for K9 — atx=~ < 0.21, CL = 90%

T-violation parameters
Im(¢) in KDy = —0.007 £ 0.026

CPT invariance tests
¢00 — ¢4 = (0.34 £0.32)°
Re(%7/+_ + %'r/oo)fATL =(-3+35)x107°
AS = —AQin K9, decay

Re x = —0.002 + 0.006
Im x = 0.0012 + 0.0021

K DECAY MODES

Fraction (I';/T)

(S = 1.6)

Scale factor/

p

Confidence level (MeV/c)

Semileptonic modes

ateFu, [ggl
. jgalled KY,.
nryy, lggl
Called K23.
(mpatom)v
Ot eFy s8]
rteFfrete [l

Hadronic modes, including Charge conjugation x Parity Violating (CPV) modes

370
atr—w
ata~
070

0

CcPVv
CcPV

(il

(
(

(
(
(

(
(
(
(

40.55 +0.11 ) %

27.04 +0.07 ) %

1.05 +0.11 ) x 10~7
5.20 +0.11 ) x 107>
1.26 +0.04 ) x 1079

1952 +0.12 ) %
1254 +0.05 ) %
1.967+0.010) x 103
8.64 +£0.06 ) x 10~4

Semileptonic modes with photons

[2.88.ij]

(
(

3.79 £0.06 ) x 1073
565 +£0.23 ) x 1074

Hadronic modes with photons or £ pairs

[z.j]

Uil

<

(
(
(
(

2.43 x 1077
415 +£0.15 ) x 107°
2.84 +£0.11 ) x 107
1.27340.033) x 107
1.62 +0.17 ) x 1078

S=1.6

S=15
S=1.8

CL=90%
$=2.8
$=2.0

229

216

188
207
229

139
133
206
209

229
216

209
206
206
231
230
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Other modes with photons or £¢ pairs

2y ( 547 +£0.04 ) x 1074 S=1.1 249
3y < 74 x 108 CL=90% 249
ete (9.4 +04 )x10-6 S=2.0 249
whu=ny (359 +£0.11 ) x 107 S=13 225
ete vy [/l (595 +£0.33 )x 10~ 7 249
whpmyy 1 (10 f5g )x1078 2
Charge conjugation x Parity (CP) or Lepton Family number (LF)
violating modes, or AS = 1 weak neutral current (S1) modes
whp~ s1 (684 £0.11 ) x 1072 225
ete” s1 (o T§ yx1w0712 249
rtr—ete” s1 L/l (311 £0.19 )x 10~ 7 206
n0n0et e~ st < 66 x 102 CL=90% 209
w00t s1 < 92 x 10—11 CL=90% 57
utpete s1 (269 £0.27 ) x 1072 225
eteete~ s1 (356 £0.21 ) x 108 249
a0t CP,S1 [kk] < 3.8 x 1010 CL=90% 177
mlete CP,S1 [kk] < 2.8 x 10710 CL=90% 230
%7 CP,S1 [l < 26 x 1078 CL=90% 231
w0n0uw s < 81 x 10~7 CL=90% 209
et puF LF  [gg] < 47 x10712  cL=90% 238
e ety FuF LF  [gg] < 412 x 1011 cL=90% 225
0T eF LF  [gg] < 76 x 10~11 CL=90% 217
w070 pu® e¥ LF < 17 x 10~10 CL=90% 159
K*(892) 1Py = 3a7)

K*(892)% hadroproduced mass m = 891.66 + 0.26 MeV

K*(892)F in 7 decays mass m = 895.5 + 0.8 MeV

K*(892)° mass m = 895.81 + 0.19 MeV (S = 1.4)

K*(892)* hadroproduced full width I = 50.8 + 0.9 MeV

K*(892)F in 7 decays full width I = 46.2 + 1.3 MeV

K*(892)% full width I = 47.4 + 0.6 MeV (S = 2.2)

p
K*(892) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
K ~ 100 % 289
KO~ ( 2.46+0.21) x 1073 307
KE~ ( 9.9 £09 )x10~4 309
Krrw < 7 x 1074 95% 223
Ki1(1270) 10P) = 50

Mass m = 1272 + 7 MeV [l

Full width T = 90 + 20 MeV []
K;(1270) DECAY MODES Fraction (I';/T) p (MeV/c)
Kp (42 +6 )% 46
K§(1430) (28 +4 )% i
K*(892)w (16 +5 )% 302
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Kw (11.0£2.0) % 1

K fy(1370) (3.0£2.0) % i

yKO seen 539
K1(1400) 1UP) = 3a7%)

Mass m = 1403 + 7 MeV
Full width I = 174 + 13 MeV (S = 1.6)

K;(1400) DECAY MODES Fraction (I';/T) p (MeVjc)
K*(892) 7 (94 +6 )% 402
Kp (3.0+£3.00% 293
K fy(1370) (2.0£2.0) % T
Kw (1.0£1.0) % 284
K(1430) 7 not seen f
yKO seen 613
K*(1410) 14P) = 307)
Mass m = 1414 £ 15 MeV (S = 1.3)
Full width I =232 & 21 MeV (S = 1.1)
P
K*(1410) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
K*(892)m > 40 % 95% 410
Kr (6.6+1.3)% 612
Kp < 7 % 95% 305
v KO seen 619
5(1430) ] 1P) = 30%)
Mass m = 1425 + 50 MeV
Full width T = 270 + 80 MeV
K?(1430) DECAY MODES Fraction (;/T) p (MeV/c)
K (93+£10) % 619
3(1430) 10P) = 3@
K3(1430)* mass m = 1425.6 + 1.5 MeV (S = 1.1)
K3(1430)° mass m = 1432.4 &+ 1.3 MeV
K3(1430)F full width I = 98.5 £ 2.7 MeV (S = 1.1)
K3(1430)° full width I = 109 + 5 MeV (S = 1.9)
Scale factor/ p
K5(1430) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Kr (49.9+1.2) % 619
K*(892) 7 (24.7£1.5) % 419
K*(892)mm (13.4£2.2) % 372

Kp (8.7+0.8) % S=1.2 318
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Kw (2.9+0.8) % 311
Kt~y (2.4+05) x 1073 S=1.1 627
Kn (15738)x 103 S=13 486
Kwm < 12 x 1074 CL=95% 100
KO~ <9 x 104 CL=90% 626
K*(1680) 1Py = 307)
Mass m = 1717 £ 27 MeV (S = 1.4)
Full width T = 322 + 110 MeV (S = 4.2)
K*(1680) DECAY MODES Fraction (I';/T) p (MeV/c)
K (38.7+2.5) % 781
Kp G143 % 571
K*(892)m (20.9+22) % 618
K»(1770) [l 1UP) = 127)
Mass m = 1773 + 8 MeV
Full width ' = 186 4+ 14 MeV
Ko(1770) DECAY MODES Fraction (I';/T) p (MeV/c)
Krm 794
K3(1430) dominant 288
K*(892) 7 seen 654
K f,(1270) seen 55
Ko seen 441
Kw seen 607
K?%(1780) 10P) = 1(37)
Mass m = 1776 £ 7 MeV (S = 1.1)
Full width I = 159 + 21 MeV (S = 1.3)

P
k3(1780) DECAY MODES Fraction (I';/T) Confidence level (MeVc)
Kp Bl £9)% 613
K*(892) 1 (20 £5)% 656
K (18.8+ 1.0) % 813
Kn (30 £13 )% 719
K3(1430) <16 % 95% 291
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K,(1820) 1»7! 10P) = 127)

Mass m = 1816 + 13 MeV
Full width ' = 276 4+ 35 MeV

Ky(1820) DECAY MODES Fraction (';/T) p (Mev/e)

K3(1430) 7 seen 327

K*(892) seen 681

K £5(1270) seen 186

Kw seen 638
K3(2045) 1JP) = L)

Mass m = 2045 +£ 9 MeV (S =1.1)
Full width I = 198 + 30 MeV

K3(2045) DECAY MODES Fraction (I';/T) p (MeVc)
K (9.9+1.2) % 958
K*(892)wm 9 +£5 )% 802
K*(892)mmrm (7 £5 )% 768
pKm (5.7+£3.2) % 741
wKT (5.0+3.0) % 738
oKT (2.84+1.4) % 594
P K*(892) (1.44£0.7) % 363
Dt =cd, DO = cu, D® = Cu, D~ =¢d, similarly for D*'s

D* 14P) = }(07)
Mass m = 1869.61 &+ 0.10 MeV (S = 1.1)

Mean life 7 = (1040 + 7) x 1071 s
cr = 311.8 um

c-quark decays
M(c — ¢Tanything)/T(c — anything) = 0.096 + 0.004 [99]
M(c — D*(2010)* anything)/T(c — anything) = 0.255 4 0.017

CP-violation decay-rate asymmetries
Acp(ntv) = (8 +8)%
Acp(KY7t) = (—0.41 £ 0.09)%
Acp(KF2rt) = (0.1 £ 1.0)%
Acp(KTnEnE70) = (1.0 £ 1.3)%
Acp(KY7t7r0) = (0.3 £ 0.9)%
ACP(KEFT#W*) =(01+13)%
Acp(nEm0) = (2.9 + 2.9)%
Acp(ntn) = (1.0 +£15)% (S=1.4)
Acp(mtn/(958)) = (=05 +1.2)% (S =1.1)
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Acp(KIKE) = (—0.11 £ 0.25)%
Acp(KT K~ 7%) = (0.36 £ 0.29)%
Acp(KTK*0) = (—0.3 + 0.4)%
Acp(ém®) = (0.09 £0.19)% (S =1.2)
Acp(K*K5(1430)°) = (8 ¢)%
Acp(K* K3(1430)°) = (43732)%
Acp(K* K}(800)) = (—12718)%
Acp(a9(1450)°7%) = (—19718)%
Acp(0(1680)7t) = (-9 + 26)%
Acp(rtnn%) = (-2 £ 4)%
Acp(KOKErT17) = (=4 £ )%
ACP(KiWO) =(—4+11)%

T-violation decay-rate asymmetry
Ar(KYKEatrm) = (=12 £ 11) x 1073 [7]

D* form factors
£1(0)] Ves| in KO0+ vy = 0.707 + 0.013
n=ai/ain Kty =—-17+05
rn=ay/agin KOty = —14 + 11
£1(0)| Veg| in 70¢* vy = 0.146 + 0.007

n=ay/aina®lty, =-1.4+09

rn = 22/30 in ‘ﬂ'of+l/[ =—4+5

f1(0)|Veq| in DT — netve = 0.086 + 0.006
n=ay/ain DT — netve=-18+22

ry = V(0)/A1(0) in DF,D° — petu, =1.48+0.16

n

A»(0)/A1(0) in DT,D% — petwv, =0.83 + 0.12
r, = V(0)/A1(0) in K*(892)° ¢+, = 1.51 + 0.07 (S = 2.2)

r = Ay(0)/A1(0) in K*(892)0 ¢+, = 0.807 + 0.025

ry = A3(0)/A1(0) in K*(892)%¢+ 1y = 0.0 + 0.4
Fy/T7in K*(892)% ¢+ v, = 1.13 + 0.08

M. /T_in K*(892)°¢* vy = 0.22 £ 0.06 (S = 1.6)
Most decay modes (other than the semileptonic modes) that involve a neutral
K meson are now given as KOS modes, not as KO modes. Nearly always it is
a KOS that is measured, and interference between Cabibbo-allowed and dou-
bly Cabibbo-suppressed modes can invalidate the assumption that 2 F(KOS) =

r(K0).

Scale factor/

Dt DECAY MODES Fraction (T';/T) Confidence level

P
(MeVjc)

Inclusive modes

et semileptonic (16.07+0.30) %
uT anything (176 £3.2 )%
K~ anything (25.7 £1.4 )%
K%anything + KCanything (61 £5 )%
K™ anything (59 £0.8)%
K*(892)~ anything (6 £5 )%
K*(892)0 anything (23 5 )%
K*(892)% anything < 66 %
7 anything (63 +£0.7)%
n’ anything ( 1.0440.18) %

¢ anything ( 1.03£0.12) %

CL=90%
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Leptonic and semileptonic modes

etve < 88 x 1076 CL=90%
wru, (1 3.82+0.33) x 10~4
Tty < 12 x 1073 CL=90%
KOty (8.83£0.22) %
WO/J,+ vy (9.2 £06 )%
K= ntetu, ( 4.00+0.10) %
K*(892)% et ve, K*(892)0 — ( 3.68+0.10) %
K-zt
(K= 7)) s_wave €T Ve (2.32+40.10) x 103
K*(1410)% et v, < 6 x1073  CL=90%
K*(1410)° — K~ xt
K3(1430)% et v, <5 x107%  CL=90%
K3(1430)0 — K—rt
K=+ et ve nonresonant < 7 x 1073 CL=90%
K=t ptu, (3.8 £0.4 )%
K*(892)% ut v, ( 3.520.10) %
K*(892)0 — K-t
K= 7t ut v, nonresonant (2.0 £05)x1073
K=rta%utu, < 16 x1073  CL=90%
et v, ( 4.05:+£0.18) x 10—3
netve ( 1.1440.10) x 10~3
et v, (2187337 x 1073
Pty (2.4 +£04 )x 103
weT v ( 1.8240.19) x 103
7'(958) e ve (22 +05)x107%
petve <9 x 1073 CL=90%

Fractions of some of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes.

K*(892)0 et v, ( 5.520.15) %
K*(892)° ut v, ( 5.28+0.15) %
K5(1430)° it o, < 24 x107%  CL=90%
K*(1680)° ut v, < 15 x1073  CL=90%
Hadronic modes with a K or KKK
K¢nt (1.4740.07) % $=2.0
Kmt ( 1.46+0.05) %
K—2rt [ss] ( 9.134+0.19) %
(K=7 ) s_wavem™ (7.3240.19) %
K(1430)0 7, [tt] ( 1.2140.06) %
K;(1430)° — K= 7t
K*(892)0 7, (1.01£0.11) %
K*(892)0 — K—nt
K*(1410)%7F, K0 — K—xt not seen
K3(1430)07, [tt] (22 £07 )x10~4
K3(1430)° — K=t
K*(1680)% 7, [tt] (21 +1.1)x10~4
K*(1680)° — K~ xt
K= (27) =2 ( 1.4140.26) %
K%nt a0 [ss] ( 6.9940.27) %

K% pt (48 £1.0)%

935
932

90
869
865
864
722

864
851
717

851
825
930
855
774

770
771
689
657

722
717
380
105

863
863
846
846
382

714

381
371

58

845
677
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K*(892)0nt,
7*(892)0 - Kir
K + 70 nonresonant

K~ 271'+ 0
K%2ﬂ+ﬂ'
K~ 3ntrw
K*(892)027+
K*(892)° — K—rxt
K*(892)0 07t
K*(892)0 — K~ 7t
K*(892)° a;(1260)*
K= plort
K~ 37 7~ nonresonant
K*2KY
KTK=KYnt
at a0
2nt o~
POt
7 (Tt TT) s wave
077*, o— wta~
f,(980) 't
7(980) — ntx
f(1370)
f0(1370) — 7T+
f(1270) 7+
(1270) — =+
p(1450)0 7+
p(1450)° — 7t x
f(1500) 7+
f(1500) — 7t
f(1710) 7t
fo(1710) — =+
fo(1790) 7+

fH(1790) — 7t
(7 ) s—wave ™™
27+ 71~ nonresonant
7t 270
2rt a0
0

0

7]71"",17—» atrn
wrTT, w — rta— 7
3rt 2~

(13 +£06)%

(9 +7 )x1073
[uu] ( 5.9940.18) %
[uu] ( 3.1240.11) %
[ss] (56 +£05)x1073 S=1.1
(12 +04 )x1073
(22 +£04 )x1073
[w] (9.0 +1.8)x10~3
( 1.6840.27) x 1073
(3.9 29 )x1074
(45 +£2.0)x103
(24 +06)x1074
Pionic modes
( 1.19+40.06) x 103
(3.18+0.18) x 1073
(81 +15)x104
( 1.78+0.16) x 103
( 1.3440.12) x 10~3
( 1.52+0.33) x 10~ 4
(8 +4 )x1073
(49 09 )x1074
< 8 x 1075 CL=95%
(1.1 +04 )x10~4
<5 x 1075 CL=95%
< 6 x 107 CL=95%
< 1.2 x 1074 CL=95%
< 11 x 1074 CL=95%
(46 +£04 )x1073
( 1.13+0.08) %
(8.0 +05)x107%
< 3 x10~4 CL=90%

( 1.61+£0.16) x 103

Fractions of some of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes.

nmt

natx0

UJ7T+

7'(958) 7t

7' (958) 7t 70

(353+0.21) x 1073
( 1.38+0.35) x 1073
< 34 x10~4
( 4.6740.29) x 1073
(1.6 £05)x1073

CL=90%

714

845
816
814
772
645

239

524
772
545
436

925
909
767
909

669

909
909
910
883
848
763
845

848
830
764
681
654
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Hadronic modes with a KK pair

K+KY
KtK—nt
ort, 6 — KTK™
K+ K*(892)°,
K*(892)° — K=zt
K+ K;(1430)°, K5(1430)° —
K—nt
KT K3(1430)°, K3 — K~
KTK§(800), K — Kot
ag(1450)% 7+, a — KT K-
#(1680)7F, ¢ — KT K~
K+ K~ 7t nonresonant
Kt Kosfr+ T
KYK=2rt
KtK 2ntn—

[ss]

(2.83+0.16) x 103
(9.544+0.26) x 10—3

(2.657398) x 1073

(245F392) x 1073

( 1.794+0.34) x 10~3

| +

(16 ) x 10—4

| +
A N W o
Lo Do =B o

(67 ) x 10—4

| +

(44 )x 104

I+

(49 ) x 1072
not seen

( 1.754+0.18) x 10~3
( 2.4040.18) x 10~3

(22 £12 )x1074

A few poorly measured branching fractions:

ot a0
oot
K+ K=zt 70%non-¢
0
K*(892)T K%

<

(23 +£1.0)%
15 %

(15 731y %
(16 07 )%

Doubly Cabibbo-suppressed modes

K+ =0
Ktn
K+ n/(958)
Ktatn—
Kt pO
K*(892)%7t, K*(892)° —
Ktn—
K+ £(980), £(980) — nta—
K3(1430) 7t K3(1430)° —
Ktn—
Kt 7~ nonresonant
2Kt K=

AC =1 weak neutral current (C1) modes, or

( 1.83+0.26) x 10~4
( 1.084+0.17) x 10~4
( 1.764+0.22) x 10~4
( 5.2740.23) x 10~4
(20 £05 )x10~4
(25 +0.4 )x10~4

(47 £28)x107°
(42 +29)x1075

not seen
(8.7 +£20)x1075

$=2.2
S=1.1

CL=90%

S=1.4

Lepton Family number (LF) or Lepton number (L) violating modes

ntetes 1
7t¢, p— ete™

7T+;L+u’ C1
g, ¢ — puhp~

ptptu a
Ktete™

K+M+u—

7T+€+;,L_ LF
7T+€7y,+ LF
Ktetpu~ LF

Kte ut LF

<
[xx]

<
[xx]

<
[yl <

lyy] <
<

<
<
<

11 x 1076
(17 T8 )x10-6

7.3 x 1078
(1.8 £0.8 )x107°
5.6 x 104
1.0 x10~©
43 x 100
2.9 x 1076
3.6 x 1076
1.2 x 106
2.8 x 1076

CL=90%

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

793
744

647

613

744
678
678
600

619
260

682
612

864
776
571
846
679
714

846
550

930

918

757
870
856
927
927
866
866
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n~2et L < 11 x 1076 CL=90% 930
n2ut L < 22 x 1078 CL=90% 918
a-etut L < 20 x 1076 CL=90% 927
p~2ut L < 56 x 1074 CL=90% 757
K~ 2et L <9 x 1077 CL=90% 870
K—2ut L < 1.0 x 1079 CL=90% 856
K=etut L < 1.9 x 1076 CL=90% 866
K*(892)~ 2u™ L < 85 x107%  CL=90% 703

DO

1UP) = §(07)

Mass m = 1864.84 £+ 0.07 MeV (S =1.1)
Mps — Mpo = 4.77 £ 0.08 MeV
Mean life 7 = (410.1 + 1.5) x 10715 5

or = 122.9 ym
oy — mpg| = (0953 x 1000757
(Tpo = Tpg)/T = 2y = (129F§43) x 1072
ja/p| = 0.927 565
Ar = (—0.125 + 0.526) x 1073
K*m~ relative strong phase: cos § = 0.81*_'08:513

— +0.

Knm0 = 0'78—0.025
K~ 7t 70 average relative strong phase §X7™ = (2391 32)°
K~ 7~ 2rF coherence factor Rg3, = 0.36 733
K—n~2n average relative strong phase 6% 37 = (118f§8)°
K% K+ m~ coherence factor R =0.73 £ 0.08

K~ 70 coherence factor R

KiKm
K% K+~ average relative strong phase gKSKm — (8 £ 15)°
K* K coherence factor Ry = 1.00 £ 0.16

K* K average relative strong phase 6K K = (26 + 16)°

CP-violation decay-rate asymmetries (labeled by the DO decay)

Acp(KTK™) = (=0.21 £ 0.17)%

Acp(2K2) = (—23 £ 19)%

ACP(7T+7T7) = (022 + 0.21)%

Acp(27%) = (0 £ 5)%

Acp(rtn=79) = (0.3 £ 0.4)%

Acp(p(170)F 7~ = xta—a0) = (1.2 £ 0.9)% ]
Acp(p(770)° 70 — at 7 70) = (—3.1 + 3.0)% [#]
Acp(p(T70)~ 7t — atr=79) = (—1.0 + 1.7)% [#]
Acp(p(1450)F 1= — ata=70) = (0 + 70)% (2]
Acp(p(1450)070 — 7t 70) = (=20 + 40)% [22]
Acp(p(1450)" 7t — ata70) = (6 + 9)% [#
Acp(p(1700) 1= — ata—70) = (=5 + 14)% [
Acp(p(1700)070 — 7t 70) = (13 + 9)% 12
Acp(p(1700)~ 7t — 7t 70) = (8 + 11)% [
Acp(f(980)7® — mta—a0) = (0 £ 35)% 1«
Acp(f(1370)70 — 77~ 70) = (25 & 18)% (2]
Acp(f(1500)70 — 77— 70) = (0 + 18)% (2]
Acp(f(1710)7® — 7t 7= 70) = (0 £ 24)% 12
Acp(H(1270)70 — 7t 7~ 70) = (=4 + 6)% 1]
Acp(a(400)70 — 7t~ 70) = (6 + 8)% [
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Acp(nonresonant 7t 7~ 70) = (=13 + 23)% [#]

Acp(2rt2n— )

cp(KTK=a%) = (-1.0 £ 1.7)%

cp(K*(892)T K~ — KtK—7%) = (0.9 + 1.3)% [#]

op(K*(1810)T K~ — Kt K= 70) = (=21 + 24)% [#]

C’P((K+7r )S wave K~ — K+ Kiﬂo) = (7 + 15)% (2]

oplo (1020)71' — KTK=79) = (1.1 + 2.2)% 1
(
(
(
(
(

> > >

op 1‘0(980)7r — KtK=7%) = (=3 + 19)% [
op(2(980)°70 — KT K= x0) = (=5 + 16)% [#]
cp f’(1525)7r — Kt K=79) = (0 £ 160)% (2]
Acp(K*(892)~ KT — Kt K= 70) = (=5 + 4)% [
Acp K*(1410) K+ = KtK=x0%) = (=17 + 29)% [#I
Acp((K™7)s wave KT = KTK=70) = (=10 + 40)% [=7]
Acp(K27%) = (—0.27 £ 0.21)%

Acp(K%n) = (0.5 + 0.5)%

Acp(Kin) = (1.0 £ 0.7)%

Acp(K20) = (-3 +9)%

ACP(K_F-'—) = (01 + 0.7)%

Acp(KTm7) = (0.0 £ 1.6)%

Acp(K~nt7%) = (0.2 £ 0.9)%

Acp(Ktm~70) = (0 £ 5)%

Acp(K7rt7™) = (0.1 £ 0.8)%
Acp(K*(892)~nt — Krtn~) = (0.4 +£05)%
Acp(K*(892)Tn~ — Kirtn ) =(1+6)%
Acp(KPp® — Kiat7r™) = (-01+05)%
Acp(R0w — K0571'+7T_) =(-13£7)%
Acp(K°£(980) — K%mtr™) = (-0.4+2.7)%
Acp(K°£(1270) —» Kirtn~) = (-4 £5)%
Acp(K° £ (1370) — KO 7)) =(-1+9)%
Acp(KOp2(1450) — K tro) = (-4 +£100%
Acp (K9 f(600) — ngﬂr*) =(-3+£5%
ACP(K*(1410)77T — K ataT)=(-2+9%
Acp(K3(1430) 7 — K° + ) =(4+4)%
ACP(K*(1430)+7r — K° ataT) = (12 £ 15)%
ACP(K*(1430)771”L — K atr)=(3+£6)%
Acp(K3(1430)Fn~ — K° Ta7) = (=10 £ 32)%
Acp(K*(1680)~ 7+ — K atrT)
Acp(K—ntatza™) = (0.7 i 1.0)%
Acp(KTn—ata™) = (-2 £ 4)%
Acp(KTK=ntn7) = (-8 £ 7)%

Acp(Ki(1270)* K~ — KOntK™) = (-1 £10)%
Acp(Ki(1270) KT — K07~ KT) = (-10 £ 32)%
Acp K*(1270)+K — POKTK) = (-7+17)%
Acp(K3(1270)" KT — pOK~KT) = (10 £ 13)%

A
A
A
A

(
(
(
Acp(K*(1410)T K~ — K*Oﬁ K™) = (=20 + 17)%
Acp(K*(1410)" Kt — K07~ KT) = (-1 + 14)%
Acp(K*9K*0 Swave) = (10 + 14)%
Acp(op® Swave) = (—3 +5)%
Acp(pp® D-wave) = (=37 £ 19)%
Acp(¢ (77 T )S—wave) = (=9 £ 10)%
Acp((K™ ) pwave (KT T7) s wave) = (3 £ 11)%
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CP-violation asymmetry difference
AAcp = Acp(KYK™) — Acp(antn™) = (—0.46 +
0.25)% (S =1.8)
T-violation decay-rate asymmetry
Ar(KTK=7ta™) = (1 +7)x 1073 [
CPT-violation decay-rate asymmetry
Acpr(KF %) = 0.008 + 0.008

Form factors
ry = V(0)/A1(0)in D — K*(892)~¢*tv, =1.7+0.8
r, = Ay(0)/A1(0) in D° — K*(892)~ (T v, = 0.9 £ 0.4
£.(0)in D® — K~ ¢tw, = 0.727 £ 0.011
f1(0)] Ves| in DO — K=+ vy = 0.726 + 0.009
rn=ay/agin D® - K~ ¢tuy, = —2.65+ 0.35
m=a;/ainD® - K¢ty =13+9
£1(0)|Veq| in DO — 7~ ¢+ vy = 0.152 % 0.005
n=ay/ainD’ - 7 ity = -28+05
n=ayjain D — 7 ¢ty =6+ 30
Most decay modes (other than the semileptonic modes) that involve a neutral
K meson are now given as K% modes, not as KO modes. Nearly always it is
a K% that is measured, and interference between Cabibbo-allowed and dou-
bly Cabibbo-suppressed modes can invalidate the assumption that 2 F(K%) =
r(K9).

Scale factor/ p

DO DECAY MODES Fraction (I';/T) Confidence level(MeV/c)
Topological modes

0-prongs [aaa] (15 +£6 )%

2-prongs (70 6 )%

4-prongs [bbb] (145 =+ 05 )%

6-prongs [ccc] (64 + 13 )x10~4

Inclusive modes

et anything [ddd] ( 6.49 + 0.11 )%
uT anything (67 +06 )%
K~ anything (547 + 28 )% S=1.3
K%anything + KCanything (ar a4 )%
K™ anything (34 £04 )%
K*(892)~ anything 1’ +£9 )%
K*(892)%anything (9 +4 )%
K*(892)T anything < 36 % CL=90%
K*(892)%anything (28 +13 )%
7 anything (95 +£09 )%
n’ anything (248 + 027 )%
¢ anything (105 £ 011 )%
Semileptonic modes
K= et v, (1355 £ 0.05)% S=1.2
K= ptw, (331 £013)%
K*(892)" et v (216 + 0.16 )%
K*(892)" ut v, (191 + 024 )%
K—mlety, (16 T (l)g ) %

867
864
719
714

861
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KO~ etu, (27 39 )%
K-nta=etu, (28 * 1 )x104
K1(1270) et g (76 T 49 )x104
K-atx=ptu, < 12 x 1073 CL=90%
(K*(892)m) " putw, < 14 x 1073 CL=90%
7 et (289 + 008 )x 103 S=1.1
™ uty, (237 + 024 )x 1073
p et (177 + 0.16 ) x 1073
Hadronic modes with one K
K= rt (388 + 0.05)% s=1.1
Ktn~ ( 1.380+ 0.028) x 10—4
K% O (1.19 + 0.04 )%
K970 (100 + 0.7 )x1073
K inta= [ss] (2.83 + 0.20 )% s=1.1
Kospo (63 T 8; )x 1073
Klw, w— ntr (21 +06 )x1074
K2 (7t 77) s—wave (34 +08 )x1073
K% £,(980), (122 7 340 ) x 1073
f(980) — 7wt 7~
K% (1370), (28 + 99 )x10-3
7(1370) — 7t~
K% £(1270), (9 T x5
£(1270) — 77~
K*(892)~ =, (166 T 015 )0
K*(892)~ — K%n~
K3(1430)~ 7, (270 © 949 ) x 1073
K3(1430)™ —» K%n~
K3(1430)~ 7, . (34 T 12 )x104
K3(1430)" — K7~
K*(1680)~ 7+, (4 +4 )x1074
K*(1680)~ — K%rm~
K*(892)t 7, leee] (114 T 832 ) x 1074

K*(892)T — K%zt

K§(1430)" 7~ , K§(1430)F — [eee] < 1.4

Kosfr+

K3(1430)" 7=, K5(1430)F — [eee] < 3.4

Ko$7r+
K%nt 7~ nonresonant
K= nt 70
K= pt
K~ p(1700)F,
p(1700)t — 7t 70
K*(892)~ 7,
K*(892)~ — K~ n0
K*(892)070,
K*(892)0 - K—nt

[ss]

H
w
=l

H W H L+

~

N

N}
+

(1.88 +

x 1075 CL=95%
x 1072 CL=95%

§6 )xw0t

05 )% S=1.7
0.7 )%
1.7 )x1073

860

843

498

821
692
927
924
771

861
861
860
860
842

674

670
842

549

262

711

378

367

46

711

842

844
675

711

711
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K§(1430)" 7, (46 +21 )x1073 378
K3(1430)~ — K= a0
737(1430)0 70, (57 T30 )x10-3 379
K55(1430)° — K= 7t
K*(1680)~ =+, (18 + 07 )x1073 46
K*(1680)~ — Km0
K~ 7+ 70 nonresonant (111 330 )y 844
K% 270 (91 + 11 )x1073 S=22 843
K% (270)-S-wave (26 + 07 )x1073 -
K*(892)0 70, (78 + 07 )x1073 711
K*(892)0 — K%r0
K*(1430)%70, K*0 — K70 (4 423 )x107° -
K*(1680)%70, K*0 — K970 (1.0 + 04 )x10-3 -
K% £(1270),  — 2a0 (23 =11 )x1074 -
2KY, one KL — 270 (32 + 11 )x1074 -
K= 2ntn— [s] (808 + 32 )y $=1.3 813
K==t pOtotal (675 + 033 )% 609
K~ p03-body (51 + 23 )x10~3 609
K*(892)0 00, (1.05 + 023 )% 416
K*(892) - K~ 7t
K~ a;(1260)F, (36 £06 )% 327
a1(1260)" — 27t a—
K*(892)0nt m total, (1.6 +04 )% 685
K*(892)° — K—nat
K*(892)0 n+ 7~ 3-body, (9.9 + 23 )x1073 685
K*(892)° — K—nat
K1(1270)~ 77, [fff] (29 + 03 )x1073 484
K1(1270)~ — K- atm~
K~ 27t 7~ nonresonant (1.88 + 026 )% 813
KSnt = x0 legg] (52 =06 )% 813
K%n,n— ata= a0 (1.02 + 0.09 ) x 1073 772
Kiw,w— ata=z0 (9.9 + 05 )x1073 670
K= 2xt = x0 (42 +04 )% 7
K*(892)°nt = 0, (13 +06 )% 643
K*(892)° — K—xt
K ntw,w— at a0 + 05 )% 605
K*(892)0w, +30 )x1073 410
K*(892)0 — K~ =T,
w— ata- 0
K0 (55 + 11 )x10~3 721
K% a9(980), ap(980) — nmd (65 + 20 )x1073 -
K*(892)%n, K*(892)°0 — (1.6 + 05 )x10-3 -
KOS 70
K%2nt 27~ (269 + 031 )x 1073 768
K2p07t =, noK*(892)~ (11 + 07 )x1073 -
K*(892)~ 27t 7, (5 +8 )xlo~* 642
K*(892)~ — K%7, no
p
K*(892)~ p97t, K*(892)~ — (16 + 06 )x1073 230
KOS T
K%27F 27~ nonresonant < 12 x 1073 CL=90% 768
K= 3rt2n~ (22 + 06 )x1074 713
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Fractions of many of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes. (Modes
for which there are only upper limits and K*(892) p submodes only appear

below.)
K%n
K%w
K%n'(958)

K~ a;(1260)™
K~ a(1320)™
K*(892)0 nt 7~ total
K*(892)% 7t 7~ 3-body
K*(892)0 o0
K*(892)0 pOtransverse
K*(892)° p0 S-wave
K*(892)° p0 S-wave long.
K*(892)0 p0 P-wave
K*(892) p0 D-wave
Ky (1270)~ 7t
K1(1400)~ 7*
K*(892)0nt 7= 70
K- ntw
K*(892)0w
K~ nt1/(958)
K*(892)0 1/ (958)

Hadronic modes with three K's

0 —
KLKT K

K% ag(980)°, agf K+ K*O
K~ a9(980)", af — KT K%
K+ ap(980)7, @y — K~ K2

K2 1%(980), fy > KTK—
K36, 6 — K+ K-

K £(1370), fy > KT K~

3K
KT2K— 7t
Kt K~ K*(892)°,
K*(892)0 — K-t
K ntg, o - KTK™
$K*(892)°,
¢ — KTK-,
K*(892)° — K-t
K+ 2K~ 7t nonresonant
2K2 KErF

p(1450)F 7=, p(1450)T —
+ .0

Tt
p(1450)° 79, p(1450)° —
Tt

N
=
H

/] (1.6

H

HoH H R

0.30 ) x 1073
0.06 ) %

0.5
1.1

0.5

) x 10-3
) %

x 1073
) %

0.34 )%
0.34 )%

0.6
0.6

0.6
0.8

0.9
0.6
0.5
1.9

) %
) %
x 1073
><1073
) %
)%
%
) %
) %
) %
) x 1073
><1073

(447 + 034 )x1073

(30 =+
(60 =+
< 11

Pionic modes
1.402+

0.4
1.8

) x 10-3
)y x 104
x 104
x 1075

0.16 ) x 1073

1.1
1.3

) x 104
)yx 1074

031 )x 1074

1.7

1.7

) x 107°

) x 1075

0.20 ) x 1074

15
13

) x 1075
yx 1074

0.026) x 1073
0.35 ) x 1074
0.06 )%

0.4

) x 10—3

022 )x 1073
0.24 ) x 1073

2.0

1.9

) x 1073

) x 1073

CL=90%

CL=90%
CL=90%

CL=90%

CL=90%

CL=95%
CL=95%

S=1.1

S=1.9

772
670
565
327
198
685
685
417
417
417
417
417
417
484
386
643
605
410
479
119

520

539
434

422

434
427

922
923
907
764
764
764
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p(1450)~ 7T, p(1450)~ — (26 + 04 )x10~4 -
™ T
p(1700)T 7~ p(1700)t — (59 + 14 )x10~4 -
™ T
p(1700)° 70, p(1700)° — (72 + 17 )x1074 -
atr~
p(1700)~ 7t p(1700)~ — (46 + 11 )x1074 -
7 0
(980) 79, £,(980) — wtx~ (36 + 08 )x1075 -
f5(500) 79, £(500) — nta~ (118 + 021 ) x 10~4 -
f,(1370) 70, £,(1370) — (53 21 )x1075 -
™ T
f,(1500) 70, f,(1500) — (56 + 15 )x107° -
™ T
f(1710)7°, f,(1710) — (44 + 15 )x1075 -
T
£(1270) 70, £,(1270) — (1.89 + 020 ) x 10~4 -
T
7t 7~ 70 nonresonant (120 + 0.35 ) x 10~4 907
370 < 35 x 104 CL=90% 908
ontor— (742 £ 021 )x1073 S=1.1 880
a(1260)t 7, af — 27t a (445 + 031 )x 1073 -
total
a(1260)t 7=, af — POt (321 + 025 ) x 1073 -
S-wave
a(1260) 7=, af — POt (1.9 + 05 )x10~4 -
D-wave
a1(1260)* 77, af — oxt (62 + 07 )x10~4 -
20 total (1.8 + 0.13 ) x 1073 518
200, parallel helicities (82 + 32 )x107° -
209, perpendicular helicities (48 + 06 )x1074 -
2p%, longitudinal helicities (125 £ 0.10 ) x 1073 -
Resonant (7t 7~ )77~ (148 + 012 ) x 1073 -
3-body total
ontn~ (61 + 09 )x10~4 -
f(980)nt 7=, fy — 7t~ (18 + 05 )x10~4 -
H(1270) 7 7, h — (36 + 06 )x1074 -
atn—
at o270 ( 1.00 % 0.09 )% 882
nm0 [hhh] (6.8 + 07 )x10~4 846
wnd [hhh] < 2.6 x 10~4 CL=90% 761
ot 27— 0 (41 + 05 )x1073 844
nata™ [hhh] ( 1.09 + 0.16 ) x 10—3 827
wrta™ [hhh] (16 £ 05 )x1073 738
3rt3n~ (42 +£12 )x1074 795
7/ (958) 70 (9.0 + 14 )x10~4 678
n'(958) 7t 7~ (45 + 17 )x1074 650
2 (1.67 £ 020 ) x 103 754
nn'(958) (1.05 + 0.26 ) x 1073 537
Hadronic modes with a KK pair
Kt K- (3.96 £ 0.08 ) x 1073 s=1.4 791
2KY (17 + 04 )x1074 $=25 789
K K= 7t (35 + 05 )x10°3 s=12 739
K*(892)°KY, KO — K-t <5 x107%  CL=90% 608
KYK*m™ (21 + 04 )x1073 S=13 739
K*(892)°K%, KO — Ktn~ < 18 x10~4  CL=90% 608
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KtK=70
K*(892)T K—, K*(892)" —
K+ =0
K*(892)~ KT, K*(892)~ —
0

K- m
(K+70)S—waveK7
(K_WO)wa(weK-'—
£(980)79, fy - KT K-
o0, ¢ — KTK™
2K%7r0
KtK—zntzn~
¢(7T+777)waavev ¢ —
Kt K-
(¢p0)57waver ¢ — Kt K~
(¢pO)D—wavev ¢ — KTK~
(K*OF*O)waaver K*O -
KErF
(K77T+)P7wtwev
(K+777)S—wave'
K1(1270)" K—, Kp(1270)* —
K*Oﬂ.+
K1(1270)" K—, Ki(1270)" —
p0K+
K1(1270)~ KT, K;(1270)~ —
k0 _—

™
K1(1270)~ KT, K;(1270)~ —
P K™
K*(1410)* K,
K*(1410)t — K*Oxt
K*(1410)~ K,
K*(1410)~ — K*07~
ZKOS rta~
K% K= 2rtn—
KtK-atr— 70

(22

(146
(1.02
(114

(1.23
< 15
(31

+ 0.4 )x 1073
+ 0.07 )x 1073

+ 04 )x1074

+ 017 )x 1073
+ 04 )x1074
+ 06 )x1074
+ 04 )x1074

x 1074
+ 012 )x 1073
+ 033 )x 1074

+ 12 )x1074
+ 23 )x1073
+ 030 )x 1074
+ 05 )x1074
+ 05 )x1074
+ 026 )x 1074
+ 12 )x107°
+ 025 )x 104
+ 026 )x 1074

+ 025 ) x 1074

+ 024 )x 1073
x 104
+ 20 )x1073

CL=90%

Other K K X modes. They include all decay modes of the ¢, n, and w.

on
dw

Radiative modes

Jakt
wy

2k
K*(892)0

(14
< 21

< 24
< 24
(270
(327

+ 05 )x1074

Doubly Cabibbo suppressed (DC) modes or
AC = 2 forbidden via mixing (C2M) modes

Kt¢~w,via DO
KTor K*(892)T e~ 7, via
L

Ktm~ DC
K*a~via DCS

K*+x~via DO B
Kinta=in DO — DO
K*(892)* 7, DC

K*(892)t — K%nt

< 22
< 6

(147
(131
< 16
< 18

(1.14

x 1073 CL=90%
x 104 CL=90%
x 104 CL=90%
+ 035 ) x 1073
+ 034 )x 1074
x 1075 CL=90%
x 1073 CL=90%
+ 007 )x 1074 S=2.8
+ 0.08 ) x 1074
x 1073 CL=95%
x 104 CL=95%
+ 0.60 —4
T 034 ) x10

743

743
743

740
677
614

250

673
595
600

489

771
768
654
719

861

861

711
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K§(1430)T 7, DC < 14 x 1073 -
K3(1430)t — Knt
K3(1430)* 7, DC < 34 x 1075 -
K3(1430)* — K%nt
K*tn—x0 DC (3.04 £ 017 ) x 1074 844
Kt 7~ x%via D° (73 + 05 )x10~4 -
Ktrator— DC (262 £ 011 ) x 10~4 813
K+ 7+ 2n~ via DO < 4 x 1074 CL=90% 812
u~ anything via D° < 4 x 1074 CL=90% -
AC =1 weak neutral current (CI1) modes,
Lepton Family number (LF) violating modes,
Lepton (L) or Baryon (B) number violating modes

Ty 1 < 22 x 1070 CL=90% 932
ete~ c1 < 79 x10~8 CL=90% 932
wtp~ c1 < 62 x 1079 CL=90% 926
nlete~ c1 < 45 x 1075 CL=90% 928
a0t c1 < 18 x107%  CL=90% 915
nete~ c1 < 11 x10~4 CL=90% 852
nut c1 < 53 x 1074 CL=90% 838
atr-ete” C1 < 3.73 x 104 CL=90% 922
Pete c1 < 10 x1074  CL=90% 771
ata ptp~ 1 < 55 x 1077 CL=90% 894
Putpu~ c1 < 22 x107%  CL=90% 754
wete™ C1 < 18 x 10~4 CL=90% 768
wptp~ c1 < 83 x10~4 CL=90% 751
K- Ktete~ c1 < 315 x 1074 CL=90% 791
pete c1 < 52 x 1073 CL=90% 654
K=Ktutu~ 1 < 33 x 1075 CL=90% 710
put o] < 31 x 1075 CL=90% 631
KOet e~ ] < 11 x10~4 CL=90% 866
KOt~ ] < 2.6 x10~4 CL=90% 852
K- ntete™ c1 < 3.85 x 1074 CL=90% 861
K*(892)%¢t e~ byl < 47 x1075  CL=90% 719
K=rtutu~ 1 < 3.59 x 1074 CL=90% 829
K*(892)0 put i~ byl < 2.4 x10=5 CL=90% 700
ata= Ot c1 < 81 x1074  CL=90% 863
pte¥ LF  [gg]l < 26 x 10~7 CL=90% 929
et F LF  [gg]l < 86 x 1075 CL=90% 924
netuF LF [gg] < 1.0 x1074  CcL=90% 848
ata et F LF  [gg]l < 15 x 1075 CL=90% 911
et T LF  [gg]l < 4.9 x 1075 CL=90% 767
wet ¥ LF  [gg]l < 12 x 1074 CL=90% 764
K= KtetuF LF  [gg] < 18 x10~4 CL=90% 754
pet T LF  [gg] < 34 x 1075 CL=90% 648
KOt ¥ LF  [gg] < 1.0 x 10~4 CL=90% 863
K- nted LF  [gg] < 553 x10~4 CL=90% 848
K*(892)0 e+ T LF  [gg] < 83 x 1073 CL=90% 714
21~ 2et + c.c. L < 112 x 10~4 CL=90% 922
2~ 2ut + cc. L < 29 x 1075 CL=90% 894
K-~ 2et+ cc. L < 2.06 x10~4 CL=90% 861
K—n~2ut+ cc. L < 3.9 x 1074 CL=90% 829
2K~ 2et + cc. L < 152 x 1074 CL=90% 791
2K~ 2ut + cc. L < 94 x 107> CL=90% 710
- r etut+ cc. L < 79 x 1073 CL=90% 911
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K-n~etut+cc. L < 218 x 10—4 CL=90% 848
2K~ et put+ cc. L < 5.7 x 1075 CL=90% 754
pe~ LB il < 1.0 x 1075 CL=90% 696
pet LB [l < 11 x 1075 CL=90% 696
D*(2007)° 1UP) = 107)
I, J, P need confirmation.

Mass m = 2006.96 + 0.10 MeV
Mpswo — Mpo = 142.12 4+ 0.07 MeV
Full width ' < 2.1 MeV, CL = 90%

5*(2007)0 modes are charge conjugates of modes below.

D*(2007)° DECAY MODES Fraction (I';/T) p (MeV/c)
DO 70 (61.9+2.9) % 43
DO~ (38.14£2.9) % 137
D*(2010)* 1UP) = 307)
I, J, P need confirmation.
Mass m = 2010.26 & 0.07 MeV (S = 1.1)
Mps(2010)+ — Mp+ = 140.66 + 0.08 MeV
mD*(2010)+ — Mpo = 145.4257 £+ 0.0017 MeV
Full width I = 83.4 + 1.8 keV
D*(2010)~ modes are charge conjugates of the modes below.
D*(2010)=|: DECAY MODES Fraction (I';/T) p (MeVc)
DOrt (67.7+0.5) % 39
Dt 70 (30.7£0.5) % 38
Dt~ (1.640.4) % 136
D};(2400)° 1(JP) = 3(0™)
Mass m = 2318 +£ 29 MeV (S = 1.7)
Full width ' = 267 + 40 MeV
D3(2400)0 DECAY MODES Fraction (I'; /T) p (MeV/c)
Dt~ seen 385
Dy (2420)° 1Py = 3a+)
I needs confirmation.

Mass m = 2421.4 + 0.6 MeV (S =1.2)
Mpp = Mpes = 4111+ 06 (S =12)
Full width ' = 27.4 +£ 2.5 MeV (S = 2.3)
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51(2420)0 modes are charge conjugates of modes below.

D1(2420)0 DECAY MODES Fraction (I';/T) p (MeV/c)
D*(2010)* 7~ seen 354
DOrt g~ seen 425
Dt~ not seen 473
D07t not seen 280
D3(2460)° 10P) = 32h)
JP =02t assignment strongly favored.

Mass m = 2462.6 + 0.6 MeV (S = 1.2)
Mpso = Mp+ = 593.0 £ 0.6 MeV (S =1.2)
Mpgo = Mpey = 452.3 4 0.6 MeV (S =1.2)
Full width I' = 49.0 + 1.3 MeV (S = 1.5)

5’2‘(2460)U modes are charge conjugates of modes below.

D;(2460)° DECAY MODES Fraction (I';/T) p (MeVc)
Dt n~ seen 507
D*(2010)* 7~ seen 391
DOrt g~ not seen 463
D0 pt = not seen 326
D3(2460)* 10P) = 521
JP =0t assignment strongly favored.

Mass m = 2464.3 £ 1.6 MeV (S = 1.7)
mD;(2460)i - mD;(2460)0 =24+ 1.7 MeV
Full width ' =37 £ 6 MeV (S =1.4)

D’2‘(2460)_ modes are charge conjugates of modes below.

D;(2460)i DECAY MODES Fraction (I';/T) p (MeVc)
DOrt seen 512
D0t seen 395
Dt nta~ not seen 461

D*tnt g~ not seen 324
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CHARMED, STRANGE MESONS
(C=S=+1)

+_ s pD-—F imi *r
DS = (S, DS =7Cs, similarly for DS S

D* 1(JPy = 0(07)

Mass m = 1968.30 & 0.11 MeV (S =1.1)

mps — mp. = 98.69 + 0.05 MeV
S

Mean life 7 = (500 = 7) x 10715 s (S = 1.3)
cr = 149.9 um

CP-violating decay-rate asymmetries
Acp(itv) = (5 + 6)%
Acp(KTK2) = (0.08 +0.26)%

(

Acp(KT K= n%) = (—0.5 + 0.9)%
ACP(KiK ) =(-2+6)%
Acp(2K§m®) = (3+5)%
Acp(Kt K*ﬂiwo) (0.0 +3.0)%
Acp(KEKY +7r*) =(-6=+5%
Acp(KY K¢27r )= (41+28)%
Acp(rta— %) = (-0.7 £ 3.1)%
Acp(ﬂ'iﬂ) =(11+31)%
ACP(7ri ,’) =(-22+23)%

Acp(nr®7®) = (-1 + 4)%
Acp(y ot 7r°) (0 +8)%
Acp(KEn ):( 27 + 24)%
Acp(Kin%) = (12+1.0)% (S=13)
ACPE K=

ataT) = (4 +£5%
Acp(KEn) = (9 + 15)%
Acp(KE1/(958)) = (6 + 19)%
T-violating decay-rate asymmetry
Ar(KIKFatn™) = (—14 + 8) x 1073 [7]

+ — ¢ty form factors
rp =0.84+0.11 (S=24)
r, = 1.80 = 0.08
Iy /Tt =072+0.18
Unless otherwise noted, the branching fractions for modes with a resonance in

the final state include all the decay modes of the resonance. Ds_ modes are
charge conjugates of the modes below.

Scale factor/ p

D's" DECAY MODES Fraction (T';/T) Confidence level (MeV/c)
Inclusive modes

et semileptonic [kkk] ( 6.5 £0.4 )% -

71 anything (119.3 +1.4 )% -

7~ anything (432 £09 )% -

70 anything (123 £7 )% -

K~ anything (18.7 £05 )% -
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K™ anything
Kg anything
n anything
w anything
n’ anything

i

[nnn]

(980) anything, fy — 77~ <

¢ anything

K+ K~ anything
Kgs K;"anything
KSOK anthmg
2K anything
2K+ anything
2K~ anything

et e

ut Yy

Ty,

KtK=etu,
petve

netve + 1/ (958) e ve

netve

7' (958) e ™ ve
wet v,
KOet v,
K*(892)% e v,

<
<

(
(
(
(
(

28.9 +£0.7 ) %
190 +1.1 )%
29.9 +2.8 )%
6.1 +£1.4 )%
117 £1.8 )%
1.3 %
157 £1.0 )%
158 +0.7 ) %
5.8 +05)%
1.9 +0.4 )%
1.7040.32) %
2.6 x 1073
6 x10~4

Leptonic and semileptonic modes

<

[o00]
[o00]
[o00]
[o00]
[ppp] <

[o00]

f(980) et ve, fy — wt AT

K+ KY

K+ KO

KtK— ot
¢t

(/)71"", o — KtK—

(
(

8.3 x 1073
5.5640.25) x 1073
5.5440.24) %
2.49+0.14) %
3.6640.37) %
2.67+0.29) %
9.9 £23 ) x 1073
2.0 x 1073
3.7 £1.0 ) x 1073
1.8 +0.7 ) x 1073
2.00+0.32) x 10~3

Hadronic modes with a KK pair

[ss]
[000,q4q]
[aqq]

KtK*(892)%, K*0 — K—rt
f(980)7t, fy — KT K~
f(1370)7t, f, - KT K™
fh(1710)7t, fy — KT K~
K+ K;(1430)°, Ky — K=t

K+ Kq0

2K% T

KOKO at
K*(892)t K°

KT K=t 0
ppt

K K= 2nt

K*(892)T K*(892)°

Kt KQrto™
KtK 2rtn—
¢2nt ™

Kt K= pO 7t non-¢

[o00]

[oo0]

[o00]

[o00]

07t 6 — KT K-

(

1.49:£0.06) %
2.95+0.14) %
5.39:40.21) %
45 +04 )%
2.2440.10) %
2.58+0.11) %
1.1440.31) %
7 45 )x1074
6.6 +29 )x 104
1.8 £0.4 ) x 1073
1.5240.22) %
7.7 £06 ) x 1073
54 £12)%
6.3 £07 )%
84 t19)%
1.66+0.11) %
7.2 £26 )%
1.03+0.10) %
86 +15 ) x 1073
1.21+£0.16) %
2.6 x 1074
6.5 +1.3 ) x 1073

CL=90%

CL=90%
CL=90%

CL=90%

S=1.1

CL=90%

CL=90%

984
981
182
851
720

908
751
829
921
782

850
850
805
712
712
416
732

198
218
805
802
802
683
748
401

744
417
744
673
640
249
181
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day(1260)T, ¢ — KT K~,

a;r — pOxt
Kt K~ 2xt 7~ nonresonant
2K% 27t

(74 +1.2 )x1073

+7 )x107%

(9
(8 +4 )x1074

Hadronic modes without K's

0 at

7 (7T T 7) s _wave

H(1270)7t, £, — 7T~

p(1450)07F, o0 — 7t g
at2r0
ot o

nat

wrt
3rton—
2rt 7= 270

nopt

nat a0

wrt a0
3rt2r— 70

wontrw

7'(958) 7t
3rt2r~ 270

wnrt

7/'(958) p*

7/ (958) 7t w0

0

<

[rrr]

[oo0]

[o00]

[o00]
[oo0]

[o00]

[nnn,000]

[ooo] <

[nnn,o00]

3.4 x 10~4

1.0940.05) %

2.0 £1.2 ) x 1074

9.0 £0.5 ) x 103

1.0940.20) x 10~3
) x 104
) x 1073

3.0 +£1.9
65 +1.3
1.69+0.10) %

(2.4 +£06 )x1073
7.9 +£0.8 ) x 1073
8.9 +08
92 +1.2
2.8 +0.7
4.9 £3.2
16 +05
3.94+0.25
2.13 %
(125 £22)%
( 56 £08)%

~ e~~~ o~ —~

~ e~~~ o~ o~
R

)
)
)
)
)
)

%

Modes with one or three K's

K+ x0
K%ﬂ'+
Kty
Ktw
K+ n/(958)
Ktatna~
K+p0
K+t p(1450)0, p0 — ntr

K*(892)%7t, K*0 — Ktn—
K*(1410)0 7%, K*0 — Ktga~
K*(1430)°% 7%, K*0 — Ktx

Kt w7~ nonresonant
KOzt 70
K%27r+7r_
K+ wr0
Ktwrtz
Ktwn
2Kt K~
OKT, ¢ — KTK™

[oo0]
[000] <
[o00]

[000] <
[oo0] <
[ooo] <

(63 +21)x1074

( 1.214+0.06) x 10~3

( 1.76+0.35) x 103
2.4 x 1073

( 1.8 £06 )x 1073

( 65 +04 )x1073

( 25 404 )x103

(6.9 +2.4 )x1074

( 1.414+0.24) x 10~3

( 1.23+0.28) x 1073

( 5.0 +35)x1074

( 1.04+0.34) x 10~3

( 1.00+0.18) %

( 30 £1.1)x1073
8.2 x 1073
5.4 x 1073
7.9 x 1073

( 2.16+0.21) x 10~4

( 8.8 +2.0)x1075

Doubly Cabibbo-suppressed modes

2Kt~

Kt K*(892)%, K¥0 — K*z~

( 1.2640.13) x 10~4
( 59 £34)x107°

Baryon-antibaryon mode

pn

( 1.3 £04 )x 1073

CL=90%
S=1.2

CL=90%

CL=90%

CL=90%
CL=90%
CL=90%

673
669

975
959
825
959
559
421
960
935
902
822
899
902
724
885
802
856
766
743
803
654
465
720

917
916
835
741
646
900
745

775

900
899
870
684
603
366
627

805

295
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AC =1 weak neutral current (C1) modes,
Lepton family number (LF), or
Lepton number (L) violating modes

atete™ bl < 13 x1075  CL=90% 979
ate, ¢ — ete b (6 T8 )x106 -
atpt s byl < 41 x10~7  CL=90% 968
Ktete™ C1 < 37 x1076  CL=90% 922
Kt utu~ 1 < 21 x107%  CL=90% 909
K*(892)F pt ™ c1 < 14 x1073  CL=90% 765
rtetu~ LF < 12 x107%  CL=90% 976
ate pt LF < 20 x1075  CL=90% 976
Ktetu~ LF < 14 x107%  CL=90% 919
Kte ut LF < 97 X106  CL=90% 919
7~ 2et L < 41 x107®  CL=90% 979
a2ut L < 12 x10~7  CL=90% 968
aetut L < 84 x1076  CcL=90% 976
K~ 2et L < 52 x1076  CL=90% 922
K= 2ut L < 13 x1075  CL=90% 909
K- etut L < 61 x1076  CL=90% 919
K*(892)~ 2u™ L < 14 x1073  CL=90% 765
?
D 1Py = 0(z%)
JPis natural, width and decay modes consistent with 1.
Mass m = 2112.1 + 0.4 MeV
mD;i - mDsi = 143.8 + 0.4 MeV
Full width I' < 1.9 MeV, CL = 90%
D’S‘_ modes are charge conjugates of the modes below.
D%+ DECAY MODES Fraction (';/T) p (MeV/c)
D~y (94.2£0.7) % 139
DY 70 ( 5.8+0.7) % 48
D%y(2317)* 1(UP) = 00™)
J, P need confirmation.
JP is natural, low mass consistent with ot.
Mass m = 2317.7 + 0.6 MeV (S = 1.1)
mD§0(2317)i - mDsi =349.4 £ 06 MeV (S=1.1)
Full width ' < 3.8 MeV, CL = 95%
D;0(2317)_ modes are charge conjugates of modes below.
D%,(2317)* DECAY MODES Fraction (';/T) p (Mevjc)
D;L 0 seen 298
D;_L 7070 not seen 205
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Ds; (2460)% 1Py = 0at)
Mass m = 2459.5 + 0.6 MeV (S =1.1)
My = 3473 £ 07 MeV (S =12)
s
Mp, (ag0)= — Mp= = 491.2 £ 0.6 MeV (S = 1.1)
Full width ' < 3.5 MeV, CL = 95%

Dg1(2460)™ modes are charge conjugates of the modes below.

Mp, (2460)* ~

Scale factor/ p
D51(2460)+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Dit 70 (48 £11 )% 297
D~y (18 £4 )% 442
DY rtr— (43% 13)% s=1.1 363
DIty < 8 % CL=90% 323
D%(2317)F v (371 39 % 138
Dsy(2536)* 1Py =0(1T)
J, P need confirmation.
Mass m = 2535.10 & 0.08 MeV (S = 1.1)
Full width ' = 0.92 4+ 0.05 MeV
Dg1(2536)™ modes are charge conjugates of the modes below.
P
D51(2536)+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
D*(2010)* KO 0.85 +0.12 149
D*(2010)t K% g_pave 0.61 £0.09 149
S—wave
Dtr= Kt 0.028+0.005 176
D*(2007)° K+ DEFINED AS 1 167
Dt KO <0.34 90% 381
DOK* <0.12 90% 391
D:+7 possibly seen 388
D;r ata~ seen 437
%(2573) 1Py = 0(2%)
JPis natural, width and decay modes consistent with 2.
Mass m = 2571.9 + 0.8 MeV
Full width T = 17 & 4 MeV (S = 1.3)
D§2(2573)* modes are charge conjugates of the modes below.
D%,(2573)+ DECAY MODES Fraction (I';/T) p (MeVjc)
DOKT seen 434
D*(2007)° K+ not seen 243
D?,(2700)* 10y = 01™)

Mass m = 2709 + 4 MeV
Full width ' = 117 4+ 13 MeV




Meson Summary Table 71

BOTTOM MESONS
(B= +1)

Bt = ub, B® = db, B = db, B~ =Tb, similarly for B*'s

B-particle organization

Many measurements of B decays involve admixtures of B
hadrons. Previously we arbitrarily included such admixtures in
the B¥ section, but because of their importance we have cre-
ated two new sections: “Bi/B0 Admixture” for T'(4S) results
and “B*/B%/B%/b-baryon Admixture” for results at higher en-
ergies. Most inclusive decay branching fractions and x, at high
energy are found in the Admixture sections. B9-B? mixing data
are found in the BY section, while BS—ES mixing data and B-B
mixing data for a B9/BY admixture are found in the B section.
CP-violation data are found in the B+, B?, and B+ BY Admix-
ture sections. b-baryons are found near the end of the Baryon
section.

The organization of the B sections is now as follows, where bul-
lets indicate particle sections and brackets indicate reviews.
o BE
mass, mean life, CP violation, branching fractions
e B0
mass, mean life, B%-B° mixing, CP violation,
branching fractions
o B+ B0 Admixtures
CP violation, branching fractions
« B%/B%/BY/b-baryon Admixtures
mean life, production fractions, branching fractions
L] B)‘<
mass
o By (5721)°
mass
o B3(5747)0
mass
. Bg
mass, mean life, Bg—Eg mixing, CP violation,
branching fractions
* B}
mass
o B, (5830)°
mass
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o B},(5840)°
mass

. B?
mass, mean life, branching fractions
At the end of Baryon Listings:

o /\p
mass, mean life, branching fractions
o /5(5912)0
mass, mean life
o /15(5920)°
mass, mean life
L] Xb
mass
LIS

mass

0

b =b

mass, mean life, branching fractions
® =(5945)0

mass, mean life

° _QE

mass, branching fractions

e b-baryon Admixture

mean life, branching fractions

B:I:

1Py = 3007)

I, J, P need confirmation. Quantum numbers shown are quark-model
predictions.
Mass mg. = 5279.26 & 0.17 MeV

Mean life 7 5s = (1.638 £ 0.004) x 10712 5

(S = 1.2)

cr = 491.1 um
CP violation
Acp(BT — J/(1S)K*) = 0.003 £ 0.006 (S = 1.8)
Acp(Bt — J/¢p(1S)nt) = (0.1 +2.8) x 1072
Acp(BY — J/ppt) = —0.11+0.14
Acp(BT — J/¢K*(892)%) = —0.048 + 0.033
Acp(BY — ncKt) = -0.02+0.10 (S =2.0)
Acp(BtY — ¢(2S)nt) = 0.03 £ 0.06
Acp(BT — (2S)Kt) = —0.024 + 0.023
Acp(Bt — (2S)K*(892)1) = 0.08 £ 0.21
Acp(BT — xca(1P)7T) =0.07 +0.18
Acp(BY — xcoK')=-020+018 (S=15)
Acp(BY — xa K') = —0.009 + 0.033
Acp(BT — xca1 K*(892)Y) =05+ 0.5
Acp(Bt — Dzt) = —0.007 + 0.007
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Acp(BY — Dop(i1ym") = 0.035 + 0.024
ACP(B+ g DCP(*I)TH—) = 0017 + 0026
Acp([KFrtata—]pnt) =013 £ 0.10
Acp(BT — DOKt) =0.01 +0.05 (S=21)
Acp((KFrtatr~|pKt) = —0.42 + 0.22
re(BT — DOK*) =0.096 + 0.008

og(BT — DOK*) = (115 £ 13)°

rp(BY — DOK*t) =017 £ 0.11 (S =2.3)
op(Bt — DOK*t) = (155 £ 70)° (S = 2.0)
ACP(B+ — [K_7T+]D K+) = —0.58 £0.21

Acp(Bt — [K~7t7%pKT) = 0.41 £ 0.30

Acp(BT — [K~at]5K*(892)T) = —0.3 £ 05
Acp(BT — [K=nT]pnt) = 0.00 + 0.09

Acp(Bt — [K— 7t 70 pnt) = 0.16 + 0.27

Acp(BT — [K77T+](D7T)7T+) = —0.09 £0.27
Acp(BtT — [K77T+](D,Y)7T+) =—-07+06

Acp(BY — [K~7t]pmyKT) =08 £ 0.4

ACP(B+ — [K_7T+](D,Y) K+) =04+£10

Acp(BY = [zTn~20pK*) = —0.02 + 0.15
Acp(Bt = Dgp(41)K*) =0.170 +£0.033 (S =1.2)

Aaps(BT — DKT)=—-052=+0.15
Aaps(BT — Dnt)=10.14 + 0.06

Acp(Bt — Dep(-1) K*+) = —0.10 £ 0.07
Acp(Bt — D*0xt) = —0.014 £ 0.015
Acp(BT — (DgP(+1))°7r+) = —0.02£0.05
Acp(BT — (D*Cp(fl))oyﬁ) = —0.09 + 0.05
Acp(Bt — D*0Kt) = —0.07 £ 0.04

rp(BT — DOKY) = 011470038 (S=12)
§5(BT — DKty = (310732)° (S =13)
Acp(BT — D*COP(H) Kt) = —0.12 + 0.08

Acp(BT — Dgp_q)K*) =007 £0.10
Acp(BT — Dep41)K*(892)T) = 0.09 + 0.14
Acp(BY — Dgp(—1)K*(892)1) = —0.23 £ 0.22
Acp(BT — Df¢)=00+04

Acp(Bt — D*tD*0) = —0.15 + 0.11
Acp(BY — D*tD% = —0.06 + 0.13
Acp(Bt — D+t D*0) =0.13 + 0.18

Acp(Bt — DtDY) = —0.03 £ 0.07

Acp(BT — K%nt) = -0.017 £ 0.016
Acp(Bt — KT70) =0.037 + 0.021

Acp(Bt — 5/ KT) =0.013 + 0.017

Acp(Bt — 7/ K*(892)1) = —0.26 £ 0.27
Acp(BT — 1/ K§(1430)T) = 0.06 + 0.20
Acp(BT — 1/ K3(1430)T) = 0.15 £ 0.13
Acp(Bt —» nK*) = —0.37 £ 0.08

Acp(BT — nK*(892)1) = 0.02 + 0.06
Acp(BT — nK}(1430)") = 0.05 + 0.13
Acp(BY — nK3(1430)%) = —0.45 £ 0.30
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e e e

wKT) =10.02+0.05

wK**t) =029 4035

w(Km)pt) = —0.10 £ 0.09
wK3(1430)") = 0.14 £+ 0.15

KO7t) =004 +009 (S=21)
K*(892)*t7%) = —0.06 & 0.24
K+ta—at) =0.033 + 0.010

KT K~ K% nonresonant) = 0.06 & 0.05
£(980)°K*) = —0.08 + 0.09
H(1270)K+) = —0.68 {12

f(1500) K+) = 0.28 + 0.30
f4(1525)° K+) = —0.08 50

PPK*) =037+ 0.10

K$(1430)°7F) = 0.055 + 0.033
K3(1430)°7) = 0.05F 337

K+ 797%) = —0.06 + 0.07

KOpt) = —012+0.17

K**t 7+t 77) = 0.07 £ 0.08

PP K*(892)1) = 0.31 + 0.13
K*(892)* £,(980)) = —0.15 4+ 0.12
al K% =012+ 011

b} K%) = —0.03 £ 0.15

K*(892)%pT) = —0.01 £ 0.16

b K+) = —0.46 £ 0.20

KOKt) =0.04 + 0.14
KIK')=—021 4014

K+ KYKE) =0.04"302

KtK=7t) = -0.124+0.05 (S=1.2)
KtK—K*) = —0.036 £ 0.012 (S=1.1)
oKT) =0.04+£004 (S=21)
Xo(1550)K*) = —0.04 + 0.07

K*t Kt K~) = 0.11 + 0.09
#K*(892)T) = —0.01 + 0.08
G(Km)gt) = 0.04 £ 0.16
$K1(1270)7) = 0.15 £ 0.20

¢ K3(1430)1) = —0.23 £ 0.20
Kt¢p) = —0.10 + 0.08

K*[¢¢],,) = 0.09 & 0.10
K*(892)*~) = 0.018 + 0.029

nK+ty) = —-0.12 4 0.07

#KtH) =-013+0.11 (S=1.1)
pty) =-0.11+033

7t 70) = 0.03 + 0.04

ata~at) =0.105 + 0.029 (S =1.3)
POrt) =018709

£(1270)7t) = 0.41 £ 0.30
P°(1450)7t) = —0.1+02
f(1370)7+) = 0.72 + 0.22

7t 7~ T nonresonant) = —0.14 323



Meson Summary Table 75

+x0) =0.02 +0.11

Acp(BT —

Acp(Bt — ptp%) = —0.05 + 0.05

Acp(Bt — wrt) = —0.04 + 0.06

Acp(BT — wpt) = —0.20 £ 0.09

Acp(BT — n7mt) = -0.144+0.07 (S=14)
Acp(Bt — npt) =011+ 0.11

Acp(BtY — n/7T) =0.06 £0.16

Acp(Bt — o/ pt) =0.26 +0.17

Acp(BT — bnt) =0.05+0.16

Acp(BY — pprt) =0.00 £ 0.04

Acp(BY — ppK*t) =-008+0.04 (S=1.1)
Acp(Bt — ppK*(892)T) =0.21 £0.16 (S =1.4)
Acp(BtY — pAy) =017 +0.17

Acp(Bt — pAx®) =0.01 +0.17

Acp(BT — Kteti—) = -0.0240.08
Acp(BY — KTete™)=0.14+0.14

Acp(BY — KT putp~) = -0.003 £ 0.033
Acp(BT — K*T(T¢7)=-0.09 £+ 0.14
Acp(BT — K*ete )= -0.14 £ 0.23
Acp(BY — K*utpu~) =-012+0.24

7(B* — DEWKMI+) = (737 ()

B~ modes are charge conjugates of the modes below. Modes which do not
identify the charge state of the B are listed in the Bi/B0 ADMIXTURE sec-
tion.

The branching fractions listed below assume 50% BO9BO and 50% B+ B~
production at the 7°(4S5). We have attempted to bring older measurements up
to date by rescaling their assumed 7T°(4S) production ratio to 50:50 and their
assumed D, Dg, D*, and ¢ branching ratios to current values whenever this
would affect our averages and best limits significantly.

Indentation is used to indicate a subchannel of a previous reaction. All resonant
subchannels have been corrected for resonance branching fractions to the final
state so the sum of the subchannel branching fractions can exceed that of the
final state.

For inclusive branching fractions, e.g., B — Dianything, the values usually
are multiplicities, not branching fractions. They can be greater than one.

Scale factor/ p

Bt DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Semileptonic and leptonic modes

¢+ vyanything [sss] ( 10.99 +0.28 ) % -
etve X, (108 +0.4 )% -
D¢+ vyanything (98 £07 )% -
DOty [sss] ( 227 +£0.11)% 2310
DOrtu,. ( 77 £25 )x10~ 1911
D*(2007)0 0% 1, [sss] ( 5.69 £0.19 )% 2258
D*(2007)0 7t 1, ( 1.88 £0.20 )% 1839
D-rntity, ( 42 +05 )x1073 2306
Dy (2420)0¢* vy, DO — ( 25 05 )x10-3 -

ot
D3(2460)0 ¢+ vy, D30 — ( 153 +£0.16 ) x 10~3 2065

Dt
DEnrety(n > 1) ( 1.87 £0.26 )% -

D*~atity, ( 61 +06 )x1073 2254
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D (2420)% ¢+ vy, DY —

_ D gt _

D} (2430)° ¢+ vy, DY —
D*~ 7t

3.03 +£0.20 ) x 1073

27 406 )x1073

D3(2460)0 ¢+ vy, D30 — ( 1.01 +0.24 ) x 10~3
D*~ gt
D§}7K+E+Vg ( 61 +1.0 )x1074
D¢ Kttty (3.0 f%g ) x 1074
Dy Ktity, (29 +19 )x1074
w00y, ( 7.80 £0.27 ) x 1075
Nty ( 38 £06 )x1075
'y, ( 23 £08 )x1075
wlty, [sss] ( 1.19 +0.09 ) x 104
yany: [sss] ( 1.58 +£0.11 ) x 104
ppLT ( 58 fgg )x 1076
pputy, < 85 x 106
ppetue ( 82 *49 )x10°6
et e < 98 x 107
whu, < 1.0 x 106
tu, ( 114 +£027 )x 104
tyy < 156 x 1075
et ey < 17 x 1075
wrv,y < 24 x 1075
Inclusive modes
DOX ( 86 +07 )%
D% X (79 4 )%
Dt X ( 25 +05 )%
D~ X (99 +1.2 )%
DFx (79 T34 )%
D X ( 110 T349)%
AEX (21 F32 )%
AZX (28 T3 )%
cX (97 4 )%
cX (234 122 )y
c/cX (120  +6 )%
o D, D*, or Dg modes
DOnt ( 481 £0.15 )x 1073
Dep(s1ymt [tet] (220 £0.24 ) x 1073
__Dcp(_l)n+ [ttt] ( 21 +04 )x1073
DOpt ( 134 £018 )%
DOK* ( 3.70 £0.17 )x 1074
Dep(r1y KT [ett] ( 1.92 +£0.14 ) x10~4
Dep—1) K+ [tef]  ( 2.00 £0.19 ) x 1074
[K—7T]pKT [uuy] < 2.8 x 1077
[KTa~pKT [uuu] < 1.8 x107°
[K—7T]pn™ [uss] ( 63 1.1 )x10~7
[Ktn]pnt ( 1.68 +£0.31 )x 104
ata= 0 p K~ 46 +09 )x10-6
[ D ( )

CL=90%

CL=90%
CL=90%

S=1.3
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

2084

2065

2242

2185
2638
2611
2553
2582
2583

2467
2446
2467

2640
2639
2341
2640
2640
2639

2308

2237
2281
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DO K*(892)* ( 53 +04 )x10~4 2213
Dep(—1)K*(892)F [tet] ( 27 +08 )x10~4 -
Dop(1) K*(892)F [ttt] ( 58 +1.1 )x1lo0~* -
DOK+xt o~ ( 54 +22 )x1074 2237
DKt KO ( 55 +16 )x10~4 2189
DO KT K*(892)° (75 £17 )x1074 2071
DOt atr— ( 57 +22 )x10-3 5=36 2289
DOzt 7t 7~ nonresonant (5 +4 )x1073 2289
DOrt p0 ( 42 +30 )x1073 2207
DO a;(1260) (4 +4 )x1073 2123
Dowrt ( 41 +09 )x1073 2206
D*(2010)~ 7t 7t ( 1.35 +£0.22 ) x 1073 2247
D1(2420)0 7+, DY — ( 53 +23 )x10~% 2081
D*(2010)~ 7T
D-rntat ( 1.07 £0.05 ) x 1073 2299
D+ KO < 29 x1076  CcL=90% 2278
Dt K*0 < 18 x1076  CL=90% 2211
D+ K*0 < 14 x1076  CL=90% 2211
D*(2007)° 7+ ( 518 £0.26 ) x 1073 2056
BEOP(+1)71'+ [vwv] ( 29 +07 )x1073 -
D*COP(_I)W+ [vwv] ( 26 +£1.0 )x10-3 -
D*(2007)°wrt ( 45 +12 )x1073 2149
D*(2007)0 p* ( 98 +17 )x10~3 2181
D*(2007)0 K+ ( 420 £0.34 )x 1074 2227
B?P(H)K [vwv] ( 28 +04 )x1074 -
EEOP(_I) Kt [vwv] ( 231 £033 )x10~4 -
D*(2007)° k*(892) (81 +14 )x1074 2156
D*(2007)? K+ KO < 106 x1073  CL=90% 2132
D*(2007)0 K+ K*(892)° ( 15 +04 )x1073 2008
D*(2007)°nt nt ( 103 £0.12 )% 2236
D*(2007) a,(1260)* (19 +05 )% 2063
D*(2007)° 7~ 7wt nt 70 (18 +04 )% 2219
D037t 27— ( 57 +12 )x1073 219
D*(2010)* 70 < 36 x 1076 2255
D*(2010)* K° < 90 x1076  cL=90% 2225
D*(2010)~ 7t 7t 70 (15 +£07 )% 2235
D*(2010)~ 7t wtnt ( 26 +04 )x1073 2217
D0t o] ( 59 +13 )x1073 -
Dj;(2420)0 7+ (15 06 )x10-3 S=1.3 2081
D1(2420)° 7+ x B(DY — (25 F1T )x10-4 S=4.0 2081
DOnt 7))
D;(2420)° 7+ x B(DY — (23 +10 )x104 2081
DOzt 7~ (nonresonant))
Dj3(2462)0 7+ ( 35 +04 )x1074 -
x B(D5(2462)° — D~ 7t)
D3(2462)° 7+ xB(D30 — ( 23 +11 )x10~4 -
DOn—7t)
D3(2462)0 7+ xB(D30 — < 17 x107%  CL=90% -
D°7z~xt (nonresonant))
D3(2462)0 7+ xB(D30 — (22 +11 )x10~4 -
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D (2400)0 7+

x B(D§(2400)° — D~ )

1(2421)0 7

x B(D1(2421)° — D*~x™)

5(2462)0 7t

x B(D3(2462)° — D*~r¥)

(2427)0 7t
X 8(5/1(2427)0 — D*~7T)

D1(2420)% 7+ xB(DY —
DOzt z)

D3 (2420)° p*

D3(2460)0 7+

D3(2460)° 7+ xB(D30 —
DOzt z)

D3(2460)° p*

DOpf

Dso(2317)T DO x
B(Ds(2317)" — D} x0)

Dsp(2317)1 D% x
B(Dso(2317)" — D7)

Dso(2317)F D*(2007)° x
B(Dsp(2317)" — D} x0)

D, ;(2457)* D°

[ ol

o]

=

D, 7(2457)F DY x
B(D,;(2457)* — D)

D, ;(2457)t DO x
B(D,;(2457)t —
DS+ atrT)

D, ;(2457)t DO x
B(D,;(2457)* — D x0)

Dy (2457)F D9 x
B(D,s(2457)" — Dit)

D, ;(2457)* D*(2007)°

D, ;(2457)* D*(2007)° x
B(D,;(2457)* — D)

DO Dy (2536) T x
B(Ds1(2536)F —
D*(2007)° K+ +
D*(2010)* K?)

DO Dy (2536) % x
B(Ds1(2536)F —
D*(2007)°K+)

D*(2007)° Dy (2536) 1 x
B(Ds;(2536)T —
D*(2007)° Kt)

DO Dy, (2536)F x
B(Ds;(2536)t — D** K9)

DD, ;(2700) T x
B(D,;(2700)t — DOKT)

6.4 +1.4 )x1074

68 +15 )x10~4

1.8 +05 )x1074

50 +1.2 )x1074

6 x 1076
14 x 1073
13 x10~3
2.2 x 1072
47 x 1073

9.0 +09 )x1073

73 T22 404
7.6 x 104

9 47 )x1074

3.1

| +

) % 1073

I +
i OF
HWw Lo

4.6 ) x 1074

2.2 x 104

2.7 x 1074
9.8 x 1074

1.20 +0.30 ) %
14 T07 )x1073

40 +10 )x1074
22 +07 )x1074
55 +1.6 )x1074

23 +11 )x1074

113 7326 )« 10-3

CL=90%
CL=90%
CL=90%
CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

2128

2081

1996

2062

2062

1976
1815

1605

1605

1511

1447

1447

1339

1447
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D*0Dg; (2536)F x ( 39 +26 )x10~4 1339
B(Ds1(2536)T — D*t K0)
D*0D, ;(2573)* x < 2 x1074  CL=90% 1306
B(D,;(2573)t — DOKT)
D*(2007)° D, ;(2573) x < 5 x 1074 CL=90% 1306
B(D,s(2573)t — DOKT)
DOpit (76 +16 )x1073 1734
D*(2007)° D} ( 82 +17 )x1073 1737
D*(2007)° D% (171 £024 )% 1651
DL+ o0 (27 +12 )% -
D*(2007)° D*(2010)* ( 81 +17 )x10~4 1713
DO D*(2010)* + D*(2007)°D* < 130 % CL=90% 1792
DP D*(2010)* ( 39 405 )x1074 1792
DOpt ( 38 404 )x10~4 1866
DOD* KO ( 155 £0.21 ) x 1073 1571
D*D*(2007)° ( 63 +17 )x10~4 1791
D*(2007)° D+ KO ( 21 +05 )x1073 1474
DO D*(2010)+ KO ( 38 +04 )x1073 1476
D*(2007)° D*(2010)* K° (92 +12 )x1073 1362
DODOKH ( 1.45 +0.33 ) x 1073 S=26 1577
D*(2007)° DO K+ ( 226 +023 )x 1073 1481
DO D*(2007)0 K+ ( 63 +05 )x1073 1481
D*(2007)0 D*(2007)° K+ ( 112 £013 )% 1368
D~ Dt (22 407 )x1074 1571
D~ D*(2010)+ K+ (63 +11 )x1074 1475
D*(2010)~ DT K+ ( 60 +13 )x10~4 1475
D*(2010)~ D*(2010)* K+ ( 132 £0.18 )x 1073 1363
(D+D*)(D+D*)K ( 4.05 +£0.30 ) % -
D& #0 ( 1.6 +05 )x10~5 2270
Ditq0 < 26 x107%  CL=90% 2215
Din < 4 x1074  CL=90% 2235
Dity < 6 x107%  CL=90% 2178
DY p° < 30 x 1074 CL=90% 2197
Ditp0 < 4 x1074  CL=90% 2138
Diw < 4 x10=4  CL=90% 2195
Ditw < 6 x107%  CL=90% 2136
DY a1(1260)° < 18 x1073  CL=90% 2079
Dt a1(1260)° < 13 x1073  CL=90% 2015
D¢ (17 +12 yx10-6 2141
Dt ¢ < 12 x107%  CL=90% 2079
DI KO < 8 x 1074 CL=90% 2242
DIt KO < 9 x107%  CL=90% 2185
DIK*(892)° < 44 x1076  CL=90% 2172
Df k*0 < 35 x1076  CL=90% 2172
D:tR*(892)° < 35 x1074  CL=90% 2112
Dy xt Kt ( 1.80 £0.22 ) x 104 2022
Dy xtK* ( 145 £0.24 )x 1074 2164
D, 7t K*(892)* < 5 x1073  CL=90% 2138
Dy~ at K*(892)* < 7 x1073  CL=90% 2076
Dy KtK* ( 11 +£04 )x1075 2149
Dy KtKT < 15 x107%  CL=90% 2088
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Charmonium modes

ne KT
ne KT, ne — KOSKq:ﬂ'i
ne K*(892)F
776(25)K+
1c(2S)K*, ne — pp
nc(2S)KT, ne — K%K:‘:W:t
he(IPYK*, he — J/pmta~
X(3872) KT
X(3872)K*, X — pp
X(3872)KT, X —
J/prta~
X(3872)K*, X — J/yry
X(3872) KT, X — (2S)y
X(3872)K*, X — J/¢(1S)n
X(3872)K*, X — DODO
X(3872)K*, X — Dt D~
X(3872)K*, X — DODOx0
X(3872)K*, X — D*0pO
X(3872)K*(892)T, X — J/uy
X(3872) K*(892)T, X —
»(25)y

X(3872)+ KO, Xt — yyy]

J/9p(1S) 7t 70
X(4430) KO, Xt — J/yrt
X(4430)T KO, Xt — y(2S)nt
X(4260)°K*, X0 —
Jjpata~
Xco(2P)KT, X0 — J/iy
X(3930)°Kt, X0 — J/yny
J/e(S) Kt
J/P(AS) Kt nta~
xco(2P)K*, xco — PP
J/(15) K*(892)*
J/9(1S)K(1270)*
J/(18) K(1400)*
Jp@as)nK+
J/v(1S)n' KT
Jp(AS) oKt
X(4140)K*, X — J/¢(1S)¢
X(A214)KT, X — J/p(1S)¢
J/p(AS)wK+
X(3872)KT, X — J/pw
XC0(2P)K+' Xco — J/Yw
J/p(@AS)rt
J/p(18)p*
J/4(1S)7* 7% nonresonant
J/9(1S) a1 (1260) T
J/ypprt

<

AN A

A

A

A

(

(
(
(

9.6
2.7

1.0

3.4
1.06

3.4

3.4
3.2
1.7
8.6

21
4

7.7
6.0
4.0
1.0
8.5
4.8
2.8

6.1

1.5

4.7

2.9

1.4
25

+1.1 )x1074
+0.6 )x 1073

95 yx1073

+1.8 )x1074
x 107
1 )x07e
x 106
x 104
x 108
+0.8 )x1076

+04 )x1076
+4  )x107©
x 107
x 1073
x 1070
+04 )x1074
+2.6 )x 1073
x 1076
x 1072

x 10—©
x 1072
x 1073

x 1073

x 1079
x 1076

1.02740.031) x 10~3

8.1
7.1
1.44
1.8
5
1.08
8.8

+13 )x 1074
x 108
+0.08 ) x 1073
+05 )x 1073
x 104
+0.33 ) x 1074
x 1075
+1.7 )x 1075
+5 )x1076
x 106

40t

+22 )x1076

39 )x10-5

+0.4 )x107°
+0.8 )x107°
x 106
x 1073
x 107

CL=95%

CL=90%
CL=90%
CL=95%

S=1.1
S=25
CL=90%
CL=90%
CL=90%

S=1.4
CL=90%
CL=90%
CL=90%
CL=95%
CL=95%

CL=95%

CL=90%
CL=90%

$=2.5

CL=95%

CL=90%

CL=90%
S=1.2

CL=90%

$=2.6

CL=90%
CL=90%
CL=90%

1751

1646
1319

1401
1141

1141

1141
1141
1141
1141
1141
1141
1141

939

939

1683
1612

1571
1390
1308
1510
1273
1227

1388
1141
1103
1727
1611
1717
1415

643
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Charmonium modes
( 118 +£031 )x 107>

J/Y(1S)pA
J/p(18)T%p
J/p(1S) Dt
J/p(1S) D0t
Y(28)mt
Y2S) KT
$(25) K*(892)*
Pp(S)Kt 7t~
P(377T0) K+
$(3770) K +,9p — DODO
$(3770) K+,4 — DT D~
Xcom™ "y Xeo — whaT
xco(1P) K+
Xco K*(892)F
Xc277+: Xe2 —7 T
Xc2 K+
Xc2 K*(892)F
Xcl(lp)ﬂ'+
Xc1(1P) K+
Xc1(1P)K*(892)*"
ho(1P)K+
he(1P)KT,

tr

he — pp

KOt

K+ 0

n Kt

7 K*(892)™
7' K§(1430)"
7' K3(1430)*
nK*
nK*(892)*"
nK§(1430)F
nK5(1430)F
n(1295) K+ x B(n(1295) —

nwm)

n(1405) K+ x B(n(1405) —
nwm)

n(1405) K+ x B(n(1405) —
K*K)

n(1475) K+ x B(n(1475) —
K*K)

f(1285) K+

f1(1420) K+ x B(f;(1420) —
nwm)

f(1420) K x B(f(1420) —
K*

#(1680) KT x B(4(1680) —
K*K)

f(1500) K+

wKt
wk*(892)*t

<
<
<

~ e~~~ o~~~

11
1.2
2.5
2.44
6.27
6.7
43
49
1.6
9.4
1

150 F

21
1
11
1.2
2.2
4.79
3.0
3.8
6.4

K or K* modes

(
(
(
(
(
(
(
(
(
(
(

2.37
1.29
7.06
4.8

5.2
2.8
2.4
1.93
1.8
9.1

2.9

1.3

1.2

1.38

3.7
6.7
7.4

x1075  CL=90%
x1074  CL=90%
x107%  CL=90%
4+0.30 ) x 1072
+0.24 ) x 1074
+1.4 )x1074 $=1.3
+05 )x 1074
+13 )x 1074
+04 )x 1074 S=1.1
+35 )x 107>
x10~7  CL=90%
+0.15 —4
012 ) x 10
x10~4  CL=9%0%
x10~7  CL=90%
+04 )x 1072
x 1074 CL=90%
+05 )x 1075
+0.23 ) x 1074
+06 )x 1074 s=1.1
x 1075
x1078  CL=95%
+0.08 ) x 1073
4+0.05 ) x 107
+0.25 ) x 1075
1.8 -
18 yx107
+21 )x107©
+05 )x 1075
+04 )x1076 S=1.7
+0.16 ) x 1075
+04 )x 107>
+3.0 )x107©
0.8 _
107 )x07t
x1076  cL=90%
x1076  CL=90%
+021 195
x1076  CL=90%
x1076  CL=90%
x1076  cL=90%
x1076  CL=90%
+22 )x107©
+08 )x107© S=1.8
x1076  CL=90%

567

870

665
1347
1284
1115
1179
1218
1218
1218
1531

1478

1341
1437
1379
1227
1468
1412
1265
1401

2614
2615
2528

2472

2346
2588
2534

2414

2455

2425

2425

2406

2458
2420

2420

2344

2398

2557
2503
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u.;(K7r)3Jr
wK}3(1430)+
w K3(1430)*
a0(980) T K% xB(ag(980)t —
nw™)
20(980)° Kt xB(ap(980)° —
nm)
K*(892)0 ot
K*(892)* =0
Kto— ot
K+ 7~ 7t nonresonant
w(782) K+
K™ £,(980) x B(fy(980) —
atr7)
£(1270)0 K+
f(1370)0 K+ x B(fy(1370)0 —
ataT)
p0(1450) Kt x B(p%(1450) —
ataT)
5(1525) K+ x B(f}(1525) —
ataT)
K+ pO
K§(1430)°0
K35(1430)0 7t
K*(1410)0 7t
K*(1680)0 7t
Kt 7070
f(980)K* x B(fy — 79x0)
K-ntrt
K~ 7t 7t nonresonant
Ky (1270)0 7+
Ky (1400)% 7+
KOzt 70
KOP+
K*(892)tnt 7z~
K*(892)* p°
K*(892)T £,(980)
af KO
bf KOx B(b] — wr™)
K*(892)0 pt
Kq(1400) p0
K3(1430)+ p0
BY K+ x B(b) — wn0)
b K*x B(bf — wn™)
b K=t x B(b) — wn®)
K+ KO
KOK+70
Kt KLKY
R(980) KT, fo — KLKY
HATI0)K*, fy — KK
K+ K% K% nonresonant

AN NN NN

2.8
2.4
21
3.9

25

1.01
8.2
5.10

1.63

9.4

1.07
1.07

1.17

3.4

3.7
45

5.6

4.5
1.2
1.62
2.8
9.5
5.6
4.0
3.9
6.6
8.0
7.5
4.6
4.2
3.5
9.6
9.2
7.8
1.5
9.1
5.9
6.7
1.31
2.4
1.08
1.47

4.8
2.0

+04 )x1075
+05 ) x 1073
+04 )x107°

x 1076

x 106

+0.09 ) x 1079
+1.9 )x1076
+0.29 ) x 1073

G ar-s

+9  )x1076
1. -
10 )x10-6
+0.27 ) x 1076
x 1072

x 1075
x 1076

+05 )x1076

87 X0

28 )xw0t

x 1075
x 1075
+0.19 ) x 1075
+0.8 )x1076
x10~7
x 1075
x 1075
x 1075
x 107
+15 )x107©
+1.0 )x 1073
+1.1 )x 1076
+0.7 )x 1076
+0.7 )x107°
+1.9 )x 1076
+15 )x 1076
x 104
x 1073
+2.0 )x107©
x 1076
x 1076
+0.17 ) x 107©
x 1072
+0.06 ) x 107
+0.33 ) x 1073
t38 x0T

+04 )x 1073

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

CL=90%
CL=90%

S=1.2
CL=90%

2562
2563
2609

2609
2557
2522

2392

2559
2445

2445

2448
2358
2610
2522
2609
2609
2484
2451
2609
2558
2557
2504
2466

2504
2388
2381

2593
2578
2521

2521
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KK nt < 51 x10=7  CL=90% 2577
KtK—nt ( 5.0 +07 )x107° 2578
K+ K~ at nonresonant < 75 x1075  CL=90% 2578
K+ K*(892)° < 11 x1076  CL=90% 2540
K+ K3(1430)° < 22 x1076  CL=90% 2421
KtKtn~ < 16 x1077  CL=90% 2578
K+ K* 7~ nonresonant < 879 x1075  CL=90% 2578
5(1525) K+ ( 1.8 +05 )x107® S=1.1 2392
K*Tat K= < 118 x107%  CL=90% 2524
K*(892)" K*(892)° ( 12 +05 )x107® 2484
K* T Ktzn— < 61 x1076  CcL=90% 2524
KtK—K*t ( 340 £0.14 ) x 1075 S=1.4 2523
Kto ( 88 *OI )x1076 S=1.1 2516
5(980) K+ x B(fy(980) — ( 94 £32 )x106 2522
KtK™)
a5(1320) KT x B(a(1320) — < 11 x1076  CL=90% 2449
K+ K™)
Xp(1550) KT x B(Xp(1550) — ( 43 +07 )x10°® -
K+ K™)
#(1680) KT x B(4(1680) — < 8 x10~7  CL=90% 2344
K+ K™)
fo(1710) K+ x B(%(1710) — ( 11 406 )x10°° 2330
K+K™)
K+ K~ K+ nonresonant ( 238 1028 )x10-5 2523
K*(892)T KT K~ ( 36 +£05 )x107° 2466
K*(892)* ¢ (100 +£20 )x107° S=17 2460
o(Km)st ( 83 +16 )x10~° -
d Ky (1270)T (61 +19 )x10° 2375
& Kq(1400)T < 32 x1076  CL=90% 2339
dK*(1410)* < 43 x1076  CL=90% -
¢ K5(1430)" (70 +16 )x107° -
¢ K3(1430)*" ( 84 +21 )x107° 2333
¢ K5(1770)* < 150 x1075  CL=90% -
¢ K5(1820)* < 163 X103  CL=90% -
at K0 < 36 x 1076 cL=90% -
Ktoo ( 50 +12 )x1076 S=23 2306
'y KT < 25 x107%  CL=90% 2338
wpKt < 19 x1076  CL=90% 2374
X(1812) KT x B(X — w¢) < 32 x 1077 CL=90% -
K*(892)T v ( 421 £0.18 ) x 107 2564
K1(1270) 1y ( 43 +13 )x1075 2486
nKty (79 £09 )x107° 2588
n KTy (29 19 yx10-6 2528
oKty ( 27 +04 )x1076 S=1.2 2516
Ktrn—aty ( 276 £022 ) x 1075 S=12 2609
K*(892)0 7t (20 37 yx1075 2562
Kt p0~ < 20 x1075  CL=90% 2559
K+ 7~ 7t~ nonresonant < 92 x107%  CL=90% 2609
KOrt a0~ ( 46 +05 )x1075 2609
K1(1400)*y < 15 x107%  CL=90% 2453
K3(1430) "~ ( 14 +04 )x107° 2447
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K*(1680)*" < 19 x 1073
K3(1780)* < 39 x 1075
K;(2045) < 99 x 1073
Light unflavored meson modes
pty (98 +£25 )x10~7
at a0 ( 55 +04 )x1076
atata~ ( 152 +£0.14 )x 1075
POt ( 83 +12 )x107®
7t £(980), fy — 7Fw~ < 15 x 1076
7t £(1270) (16 F3T )x1076
p(1450)0 pi+,p0 — mta— ( 14 fgg )x 1076
f(1370) 7, fy — wta~ < 40 x 1076
f(500)7F, fy — atx— < 41 x 1076
7t 7~ at nonresonant ( 53 *12 )x10-6
ata0x0 < 89 x 104
pta0 ( 1.09 £0.14 ) x 10~5
atr—at g0 < 4.0 x 1073
pT 0 ( 240 £0.19 )x 105
pT1(980), fy — 7tm~ < 20 x 1076
a1(1260)* 70 ( 26 £07 )x1075
a1(1260)0 7+ ( 20 406 )x1075
wT ( 6.9 +05 )x1076
wpt ( 159 £0.21 )x 105
nrt ( 402 £027 )x 1076
npt (70 +29 )x107°
't ( 27 +£09 )x107©
7' pt (97 £22 )x106
ot < 15 x10~7
dpt < 30 x 106
0(980)°7+, a — a0 < 58 x 106
a9(980)*tx%, af — nrt < 14 x 1076
atrtrto— o~ < 86 x 104
p0a;(1260) T < 62 x 104
p%ax(1320)* < 72 x 1074
Bnt, b9 — wal ( 67 420 )x1076
b?’wo, bi" — wrt < 33 x 1076
atrtatr— g x0 < 63 x 1073
bi" 0, bi" — wat < 52 x 1076
a21(1260)% a1 (1260)° < 13 %
BYpt, bY — wr < 33 x 106

Charged particle (h*) modes

nt = kT or ot
ht 70 (16 T
wht ( 138 F
h* X© (Familon) < 49 x 1073

CL=90%
CL=90%
CL=90%

S=1.2

CL=90%

CL=90%
CL=90%

CL=90%

CL=90%

CL=90%

5=2.8
S=1.9

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%

2360
2341
2244

2583
2636
2630
2581
2545

2484

2434
2460

2630

2631
2581
2622
2523
2486
2494
2494
2580
2522
2609
2553
2551
2492
2539
2480

2608
2433
2410

2592

2336

2636

2580
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Baryon modes

pprt ( 162 +0.20 ) x 10~ 2439
ppmt nonresonant < 53 x1075  CL=90% 2439
ppKT ( 59 +05 )x107° S=15 2348
O@1710)*+p, Ot — pK*t[zzz] < 91 x1078  CL=90% -
f;(2220)K*t, f; — pp [zzz] < 4.1 x1077  CL=90% 2135
p/(1520) (39 £1.0 )x10~7 2322
pp K1 nonresonant < 89 x107%  CL=90% 2348
pPK*(892) ( 36 3% )x10-6 2215
f1(2220) K*+, f; — pp < 77 x10~7  CL=90% 2059
pA < 32 x10~7  CL=90% 2430
pAy ( 24 *3% yx1076 2430
pAx0 ( 30 *37 yx10-6 2402
pX(1385)° < a7 x10=7  CL=90% 2362
AT A < 82 x10=7  CL=90% -
pZ’y < 46 x1076  cL=90% 2413
pAntn— ( 59 +11 )x1076 2367
pAp° ( 48 +£09 )x107° 2214
_pAh(1270) ( 20 +08 )x10-6 2026
AArT < 94 x10~7  CL=90% 2358
AMKT ( 34 +06 )x10°° 2251
AAK*T ( 22 *12 )x10-6 2098
A%p < 138 x1076  CL=90% 2403
AtTp < 14 x10~7  CL=90% 2403
Dt pp < 15 x1075  CL=90% 1860
D*(2010)* pp < 15 x1075  CL=90% 1786
DOpprt ( 3.72 £027 ) x 1074 1789
D0 pprt ( 373 £032 ) x 1074 1709
D~ pprta~ ( 1.66 £0.30 ) x 10~4 1705
D*~pprntnw ( 1.86 £0.25 ) x 10~4 1621
pA0 DO ( 143 £032 ) x 1075 -
p/\0 D*(2007)0 < 5 x107%  CL=90% -
AZprt ( 28 +08 )x104 1980
/\C A(1232) T+ < 19 x107%  CL=90% 1928
AZ Ax(1600) T+ ( 59 +19 )x1075° -
AT Ax(2420)+F ( 47 +16 )x1075 -
(AZp)sm™ [aaaa] ( 39 +£13 )x107° -

T (2520)°p < 3 X106 CL=90% 1904

T .(2800)°p ( 33 £13 )x1075 -
A prtad (18 +06 )x1073 1935
Al prtatas ( 22 407 )x1073 1880
A_prtataad < 134 % CL=90% 1823
ATAZ KT ( 87 +35 )x10~4 -
T (2455)%p ( 37 +13 )x1075 1938
¥ (2455)0 p70 ( 44 18 )x10~4 1896
T (24550 pr— 7r+ ( 44 +17 )x1074 1845
X (2455)" prt ( 30 408 )x1074 1845
/\C(2593) //\C(2625) prt < 19 x1074  CL=90% -
20aF, 20— Stge ( 30 +11 )x107° 1144
2048, 20— AKtT R ( 26 +11 )x1075 S=1.1 1144
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Lepton Family number (LF) or Lepton number (L) or Baryon number (B)
violating modes, or/and AB = 1 weak neutral current (B1) modes

atete— BI < 49 x1078  CL=90%

ntete” BI < 80 x1078  CL=90%

atutp~ B1 < 55 x1078  CL=90%
rtvo BI < 98 x107%  CL=90%
Kot Bl [sss] ( 451 £0.23 )x107 s=1.1

Ktete~ BI ( 55 £07 )x10°7

KTt u~ BI ( 449 +£023 )x 107 S=1.1
$(4040) KT < 13 x107%  CL=90%
P(4160) KT ( 51 +27 )x1074
Kty BI < 16 x107%  CL=90%
pTuT BI < 213 x107%  CL=90%
K*(892)t ¢+ ¢~ Bl [sss] ( 1.29 £0.21 )x10~°

K*(892)t et e~ BI ( 155 1090 ) x 1076

K*(892) " pt p~ BI ( 112 £0.15 )x 1076
K*(892)* v BI < 40 x107%  CL=90%
rtetu~ LF < 6.4 x 1073 CL=90%
rte put LF < 64 x1073  CL=90%
atetp T LF < 17 x10~7  CL=90%
ntetr™ LF < 14 x1075  CL=90%
rte 1t LF < 20 x107°%  CL=90%
atetsF LF < 15 x1075  CL=90%
atutr— LF < 62 x1075  CL=90%
atp= 7t LF < 45 x1075  CL=90%
ot T LF < 12 x107%  CL=90%
Ktetpu~ LF < 91 x1078  CL=90%
Kte ut LF < 13 x1077  CL=90%
Ktet T LF < 91 x1078  CL=90%
Ktetr— LF < 43 x107%  CL=90%
Kte rt LF < 15 x107°  CL=90%
Ktetr¥ LF < 30 x107%  CL=90%
Ktutr= LF < 45 x107°  CL=90%
Ktp—7t LF < 28 x1075  CL=90%
Kt puErF LF < 48 x107%  CL=90%
K*(892)T et u~ LF < 13 x107®  CL=90%
K*(892)T e~ ut LF < 99 X107 CL=90%
K*(892)* e* ¥ LF < 14 x1076  CL=90%
n-etet L < 23 x1078  CL=90%
7 ptpt L < 13 x1078  CL=95%
r—etput L < 15 x10~7  CL=90%
p-etet L < 17 x1077  CL=90%
putut L < 42 x10~7  CL=90%
p-etut L < 47 x1077  CL=90%
K~—etet L < 30 x1078  CL=90%
K= ptut L < 41 x1078  CL=90%
K~etput L < 16 x10~7  CL=90%
K*(892)~ et et L < 40 x1077  CL=90%
K*(892)~ ptpt L < 59 x10~7  CL=90%
K*(892)~ et ut L < 30 x10~7  CL=90%
D~ etet L < 26 x1076  CL=90%
D= etput L < 18 x107®  CL=90%
D~ ptpt L < 69 x10=7  CL=95%
D*putput L < 24 x1076  CL=95%
Dy ptpt L < 58 x10~7  CL=95%

2638
2638
2634
2638
2617
2617
2612
1003

868
2617
2583
2564

2564

2560
2564
2637
2637
2637
2338
2338
2338
2333
2333
2333
2615
2615
2615
2312
2312
2312
2298
2298
2298
2563
2563
2563
2638
2634
2637
2583
2578
2582
2617
2612
2615
2564
2560
2563
2309
2307
2303
2251
2267
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DOn—ptpt L < 15 x 1076 CL=95% 2295

A0yt LB < 6 x1078  CL=90% -

Net LB < 32 x1078  CL=90% -

A0yt LB < 6 %1078  CL=90% -

AVet LB < 8 x 1078 CL=90% -
B° 1(0P) = 3007

I, J, P need confirmation. Quantum numbers shown are quark-model

predictions.

Mass mgy = 5279.58 & 0.17 MeV

Mpgo — Mpgs = 0.32 £ 0.06 MeV

Mean life 7o = (1.519 % 0.005) x 10712 s
cr = 455.4 um

Tg+/Tgo = 1.076 & 0.004

BO9-BY mixing parameters
vq = 0.1874 + 0.0018

(direct measurements)

Ampgo = Mgy — Mge = (0.510 + 0.003) x 1012 /i s~ 1
H L

= (3.337 £ 0.033) x 10710 MeV
xg = Ampgo/T go = 0.774 £ 0.006
Re(Acp / |Acp|) Re(z) = 0.01 £ 0.05
AT Re(z) = —0.007 = 0.004
Re(z) = (24 5) x 1072
Im(z) = (—0.8 + 0.4) x 1072

CP violation parameters
Re(ego)/(1+]ego]?) = (0.1 £ 0.8) x 1073
At/cp = 0.005 + 0.018
Acp(B® — D*(2010)T D~) = 0.037 + 0.034

Acp(B® — [KtK~]pK*(892)°) = —0.45 + 0.23
Acp(BY — [KT 7~ ]pK*(892)%) = —0.08 + 0.08

Acp (B® - K*7~) = —0.082 + 0.006
7 K*(892)%) = 0.02 + 0.23

7' K3(1430)%) = —0.19 + 0.17
7' K3(1430)%) = 0.14 £ 0.18
nK*(892)%) = 0.19 + 0.05
nK3(1430)°) = 0.06 + 0.13
nK35(1430)0) = —0.07 + 0.19
by K*) = —0.07 £ 0.12
wK*0) = 0.45 + 0.25

Acp(B°
Acp(B°
Acp(B°
Acp(B°
Acp(B°
Acp(B°
Acp(B°
Acp(B°
Acp(B°
Acp(B°
Acp(B°
Acp(B°
Acp(B°
Acp(B°
Acp(B°
Acp(B°
Acp(B°

—

e

—

w(Km)30)

= —0.07 £ 0.09

wkK3(1430)%) = —0.37 £ 0.17
Kta~70) = (0 + 6) x 1072
p~KT)=020+0.11
p(1450)” KT) = —0.10 + 0.33
p(1700)" K*) = —0.4 £ 0.6

K* 7~ 7%nonresonant) = 0.10 + 0.18

KOzt 77) = —0.01 + 0.05
K*(892)*7~) = —0.22 + 0.06
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BY — (Km)gta™) =0.09 £0.07

BY — K*Outu—) = —0.07 + 0.04

Acp(B” —

Acp(BY — (Km)i07%) = —0.15 £ 0.11
Acp(B® — K079 = —0.15 + 0.13
Acp(BY — K*(892)%7t 77) = 0.07 + 0.05
Acp(B® — K*(892)%p%) = —0.06 + 0.09
Acp(B® — K*0£(980)) = 0.07 + 0.10
Acp(B® — K*Tp~)=021+0.15
Acp(B® — K*(892)° KT K~) = 0.01 + 0.05
Acp(B® — a] K*)=—0.16 £0.12
Acp(B® — KOKO) = —0.6 +0.7

Acp(B® — K*(892)0¢) = (0 + 4) x 1072
Acp(B® — K*(892)°K—7t) = 0.2+ 0.4
Acp(BY — ¢(Km)3%) = 0.12 + 0.08
Acp(BY — ¢K3(1430)%) = —0.11 £ 0.10
Acp(B® — K*(892)%~) = —0.002 & 0.015
Acp(B® — K3(1430)%) = —0.08 + 0.15
Acp(B® — pt77)=013+£0.06 (S=1.1)
Acp(B® — p~at) = —0.08 £ 0.08
Acp(BY — a1(1260)* 7 F) = —0.07 + 0.06
Acp(B® — by ) = —0.05 £ 0.10
Acp(B® — ppK*(892)°) = 0.05 + 0.12
Acp(B® — pAz~) =0.04 + 0.07

Acp(BY — K*0¢t =) = —0.05 +0.10
Acp(B® — K*®P0ete~) = —-021+0.19
Acp(

C

Sps-p+ (B® = D*(2010)~D*) = —0.72 £ 0.15

Cpt p- (BY — D*(2010)* D7) = 0.00 £0.13 (S = 1.3)
Spw+p- (B® = D*(2010)+D~) = —0.73 £ 0.14

Cprt pi— (BY — D*FD*7) =0.01£0.09 (S =16)
Sprtpe— (BY = D*tD*") = 059 £0.14 (S =1.8)

C, (B — D**D*7)=0.00+0.10 (S=16)

S4 (B — D**D*~) = —0.73 £ 0.09

C_ (B - D**D*7) =0.19 + 031

S_ (B - D**D*")=01+16 (S=23.5)

C (B — D*(2010)* D*(2010)~ K%) = 0.01 + 0.29

S (B — D*(2010)* D*(2010)~ K%) = 0.1 £ 0.4

Cpip- (B — DYD7)=-046+021 (S=18)
Sp+p- (B = DYD™) = —0.99%317

Cy/p(is) 0 (B — J/y(1S)7%) = —0.13 + 0.13
Siypasym0 (B® = J/p(18)7%) = —0.94 £029 (S =19)

Cp) o (B — DULHO) = —0.23 +0.16
cp

0 (*) poy _
SD(C*')Pho (B — Deph ) = —0.56 £ 0.24
Crono (BY — KO70) =0.00 £ 0.13 (S =1.4)
Skoq0 (B = K970%) = 0.58 + 0.17
(osgy ko (BY — 1/(958)KE) = —0.04 £0.20 (S =2.5)
S
5,7 (958) KO (B — 1/(958)K%) =043 £ 0.17 (S =1.5)

Cyio (B — n'K®) = —0.05 + 0.05
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sn,Ko (B —» 7' K% =0.60 + 0.07
Cokd (B = wk%)=-030+028 (S=16)

SwK‘% (B — wK®) =043+024
C(B® — K%n07%) =02+05
S(BY — Kosﬂ'ofro) =07+07
Co KO (B — pPKY) =-0.04 +0.20
Sy (B — p°KS) =0.50155]
C; o (BY — £5(980)KY) = 0.29 + 0.20

0%s
S,ng (B - £(980)K2) = —0.50 + 0.16
sfng (B® - £(1270)K%) = —05+ 05
C; o (B = £(1270)K%) =03 + 0.4

20
Sfo% (B® — £(1300)K%) = —02+£ 05
Cr o (BY — £(1300)K2) = 0.13 +0.35

xS
Sko 4~ (BY — KOt 7~ nonresonant) = —0.01 & 0.33
Chopt - (B® — KO x~nonresonant) = 0.01 =+ 0.26
CKgKO (BY - KLK2)=00+04 (S=14)
SK%K% (BY — K%K%)=-08+05

Ck+ k- KY (B® — K* K~ K nonresonant) = 0.06 + 0.08
5K+K-K°S (B® — K+ K—KY nonresonant) = —0.66 + 0.11
Ches k- kY (B® — K* K~ KY inclusive) = 0.01 + 0.09
Sk+ K- KQ (B® - K*K~KY inclusive) = —0.65 + 0.12
C¢K0 (B —» ¢K%)=0.01+0.14

¢K° (B = ¢K%) =059 +0.14
CKS KS KS(B — KS Ks Ks) = —023 + 0.14
SkeKsks(B® = KsKsKs) = —05+06 (S=3.0)
chﬂov(BO — K%704) =0.36 +0.33
SK%WOW(BO — K%r09) =-08+06
CK*OW (B® — K*(892)%4) = —0.04 £ 0.16 (S =1.2)

K0 (BY — K*(892)%y) = —0.15 + 0.22

UKO (B = nK%) =—-03+04

T/Ko,y (B — nK%) = -02+05

Cko gy (B = KO¢~y)=-03+06

Skoy (BY = K0¢7) =07*9]

CBY — K%p%y) =—0.05+ 0. 19
S(BY — KO P°y) =011+0.34

C(BY = pdy)=04+05
S(BY— p0y) =—-08407

Crx (B = mtm™) = —0.31+£0.05
Sen (B = 7t7™) = —0.67 £ 0.06

Co0(B®— 7%70)=—043+024

Cor (B — pta™) =—-003£007 (S=12)
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Spr (B® — pta~) =0.05 £ 0.07
ACyr (B® — p*7~) =0.27 +0.06
AS,r (B — pTa~) =0.01+£0.08
Cho 0 (B® — p%7%) =0.27 + 0.24
5070 (BY - p%x%) = —0.23+0.34
Cayn (B — a1(1260)F 77) = —0.05 £ 0.11
Sayn (B — 21(1260)Y77) = —02+£ 04 (S=32)
AGy x (BY - 2,(1260)*7~) = 043 £0.14 (S =1.3)
ASy » (B — a(1260)T77) = —0.11 + 0.12
C(B®— by K*) =-022+0.24
AC(BY — byat)=-1.04+024
Co0 (B — pp%) =02+09
S0 (B = p0p%) =03+07
Cop (BY — ptp7) =—005+013
Spp (BY — ptp™) = —0.06 +£0.17
[A] (B® — J/K*(892)%) < 0.25, CL = 95%
cos 26 (B® — J/yK*(892)%) = 1.7+37 (S =16)
cos 23 (B® — [K&rt o]0 h%) =1.0108 (S =18)
(Sy +S.)/2(B® — D* %) = —0.039 + 0.011
(S_ —S4)/2(B® - D* xt) = —0.009 + 0.015
(S4 +5S_)/2(B® - D~ xt) = —0.046 + 0.023
(S- —S4)/2 (B — D~ at)=-0.022 + 0.021
(Sy +5S.)/2(B° — D™ pt) = —0.024 + 0.032
(S- —S4)/2(B® — D~ p*) =-0.10 & 0.06
Cnch (B — 1cK%) =0.08 £0.13

0 0)
Snch (B = ncKg) =0.93 +£0.17
Coeop (B® = ccKU0) = (0.5 +1.7) x 1072
sin(28) = 0.682 + 0.019
C/p(ns) KO (BY — J/9(nS)K®) = (0.5 + 2.0) x 1072
S,/4(ns) KO (BY — J/(nS)K®) = 0.676 + 0.021
Cypieo (B — J/wK*0) =0.03 £ 0.10
Sy (B — J/0K*0) =0.60 £ 0.25

0 0y — +0.5
Coord (B = xcoK) = —03%85

Skl (BY = xcoK%)=-07+05
Coaky (B® = Xa K§) =006 +0.07

0 0y _
Sukg (B° = xa1K§) = 0.63 +0.10

sin(28ef)(BY — ¢ KO%) = 0.22 + 0.30

Sin(20err) (B® — ¢ K§(1430)°) = 0.97 733
sin(26e)(B° — K* K~ K$) = 0.777§:3
Sin(28efr) (B — [KEmt a1 ) =045 £0.28
[A] (B — [K¥ata~]pu h°) =1.01+0.08
|sin(28 + )| > 0.40, CL = 90%

28+~ =(83 +60)°

7(B® — DOK*0) = (162 + 60)°

o= (90 £ 5)°
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BY modes are charge conjugates of the modes below. Reactions indicate the
weak decay vertex and do not include mixing. Modes which do not identify the
charge state of the B are listed in the Bi/B0 ADMIXTURE section.

The branching fractions listed below assume 50% BYBO and 50% Bt B~
production at the 7°(4S). We have attempted to bring older measurements up
to date by rescaling their assumed 7°(4S) production ratio to 50:50 and their
assumed D, Dg, D*, and < branching ratios to current values whenever this
would affect our averages and best limits significantly.

Indentation is used to indicate a subchannel of a previous reaction. All resonant
subchannels have been corrected for resonance branching fractions to the final
state so the sum of the subchannel branching fractions can exceed that of the
final state.

For inclusive branching fractions, e.g., B — Dianything, the values usually
are multiplicities, not branching fractions. They can be greater than one.

Scale factor/ p
BY DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
0t vyanything [sss] ( 10.33+ 0428)% -
et ve X (101 + 04)% -
D¢ vpanything (92 +08)% -
D~ (ty, [sss] ( 219+ 0.12) % 2309
D= rtu, ( 103+ 0.22)% 1909
D*(2010)~ ¢t v, [sss] ( 4.93+ 0.11) % 2257
D*(2010)~ 7t v, ( 184+ 0.22)% 1837
DOty ( 43 + 06 )x1073 2308
D§(2400)~ £t vy, Dy~ — ( 30 £ 12)x103 s=1.8 -
DOn
D;(2460)*£+ug, D’z“ — ( 121+ 0.33)x 1073 S=1.8 2065
o DO~
D& nretue(n > 1) ( 23+ 05)% -
DOr—rty, ( 49 + 08 )x10-3 2256
D1(2420)~ ¢t vy, Dy — ( 280+ 0.28) x 1073 -
D*0n—
D} (2430)~ ¢t vy, DT — (31 +09)x103 -
D*0n—
D3(2460)~ ¢t vy, D5~ — ( 68+ 12)x10% 2065
D0 n—
ptty, [sss] ( 294+ 0.21) x 1074 2583
T4ty [sss] ( 1.45+ 0.05) x 10—4 2638
Inclusive modes
Kianything (78 +£8 )% -
DOXx (81 +15)% -
DOX (474 + 28 )% -
DT X < 39 % CL=90% -
D™ X (369 + 33)% -
DX (103 F 21)% -
Dy X < 26 % CL=90% -
ATX < 31 % CL=90% -
AZX (50T 21)% -
cX (95 +£5 )% -
cX (246 £31)% -
ccX (119 +£6 )% -
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D, D*, or Dg modes

D— 7t
D~ pt
D= KOrt
D~ K*(892)*
D~ wrn™t
DKt
D~ Ktzxtn—
D= K*TK?
D~ Kt K*(892)°
DOrt g~
D*(2010)~ 7+
DOK+ K-
D~ rtrtn—
(D=7t 7T 7~) nonresonant
D=7t 0
D~ a;(1260)*
D*(2010)~ 7t a0
D*(2010)~ p*
D*(2010)~ K+
D*(2010)~ KOx+
D*(2010)~ K*(892)*
D*(2010)~ K+ KV
D*(2010)~ Kt K*(892)°
D*(2010)" nt at o~

(D*(2010)~ 7t at 77) nonres-

onant
D*(2010)~ 7t p°
D*(2010)~ a;(1260)™
D1 (242007~ 7, 5(1) —
D*~xt
D*(2010)" K*tx—
D*(2010)~ w7t 7~ 20
D*~3rton—
D*(2010)~ wnt

D;(2430)%w x B(D;(2430)° —

D*~ )

D~ ¢t

D;(2420)" 7* x B(D] —
D~ mtr7)

Dy (2420)" 7t x B(D] —
D*~atz7)

D3(2460)” 7 x

_ B(D3(2460)" — D7)

D§(2400)~ 7t x
B(D§(2400)~ — D%r™)

D3(2460)~ 7t x B((D3)™ —
D*~atgn™)

D(2460)~ p*

DOD°

[)*0 ZSO

D~ D*

D* D*¥F (CP-averaged)

D~Df

[xxx]

(
(
(
(
(
(
(

(
(
(
(
(
(
(
(
(
(
(
(
(

2.68+
78 £
49 +
45 +
28 £
197+
3.8 £
3.1

8.8 £
8.4 £
2.76+
4.7 +
6.4
3.9
11
6.0
15
6.8
214+
3.0 +
33 £
4.7

1.29+
70 £
0.0 £+

HoH R R R

57 +
1.30+
14 £

45 +
1.76 &
4.7 &+
2.89+
4.1 +

21 +
1.00F

3.3
2.15+
6.0 £
2.4
4.9
14 £
2.9
211+

6.1 £+
72 £

0.13) x 103
13 )x 103
0.9 )x10~4
0.7 )x 1074
0.6 )x 1073
0.21) x 104
0.9 )x10~4
x 1074
1.9 )x 1074
0.9 )x10~4
0.13) x 103
12 )x107°
07 )x103
1.9 )x 1073
1.0 ) x 1073
33 )x 1073
05)%
0.9 )x10~3
0.16) x 104
0.8 )x 1074
0.6 )x 104
x 1074
0.33) x 10—3
0.8 )x10~3
2.5 )x 1073

3.2 )x 1073
0.27) %
0.4 )x1074

0.7 )x 1074
0.27) %

0.9 )x10~3
0.30) x 10—3
1.6 ) x 1074

1.0 ) x 1073
33 < 10~

x 1075
0.35) x 10~4
3.0 ) x 1073

X107

x 1073
0.7 )x 1073
x 10~4
0.18) x 104
0.6 )x 104
0.8 )x 1073

CL=90%

CL=90%

S=1.3

CL=90%

CL=90%

CL=90%

CL=90%

2306
2235
2259
2211
2204
2279
2236
2188
2070
2301
2255
2191
2287
2287
2206
2121
2248
2180
2226
2205
2155
2131
2007
2235
2235

2150
2061

2181
2218
2195
2148
1992

2062

2090

1975
1868
1794
1864

1812
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D*(2010)~ D ( 80 £ 11)x1073 1735
D~ Dt ( 74 + 16 )x1073 1732
D*(2010)~ Di* ( 177+ 0.14) % 1649
Dgp(2317) Kt x ( 42 + 1.4 )x1075 2097
B(Dso(2317)" — D x°)
Dgp(2317)~ 7t x < 25 x107%  CL=90% 2128
B(Ds(2317)~ — D, w0)
D, 7(2457) KT x < 94 x 1076 CL=90% -
B(D,s(2457)~ — D 79)
Dy 7 (2457)" nt x < 40 x 1076 CL=90% -
B(D,;(2457) — D, )
D; D} < 36 x107%  CL=90% 1759
DI DY < 13 x 1074  CL=90% 1674
DI DIt < 24 %1074  CL=90% 1583
Dso(2317)1 D™ x (97T 49)x10%  s=15 1602
B(Dg(2317)t — D} n0)
Dso(2317)F D™ x < 95 x1074  CL=90% -
B(Dso(2317)* — D¥1)
Dgp(2317)F D*(2010)~ x ( 15 + 06 )x103 1509
B(Ds(2317)* — D} n0)
D, ;(2457)t D~ ( 35+ 11)x103 -
D, ;(2457)F D~ x ( 65+ 17T )x104 -
B(D,,(2457)" — D{ )
D, 7(2457)t D™ x < 6.0 x1074  CL=90% -
B(D;(2457)" — D)
D, ;(2457)F D™ x < 20 x1074  CL=90% -
B(Dy;(2457)F —
D;_L atr7)
D, ;(2457)F D™ x < 36 x 1074 CL=90% -
B(D,;(2457) — D ?)
D*(2010)~ D, ;(2457)* (93 +22)x103 -
D, ;(2457)% D*(2010) x (237 99)x1073 -
B(D,(2457)" — D7)
D~ Dg;(2536) x ( 28+ 07)x107% 1444
B(Ds1(2536)* — D*OK*
+ D*t KO)
D™ D41 (2536)F x (1.7 £ 06)x1074 1444
B(Ds1(2536)t — D*0K)
D™ D41 (2536)F x ( 26+ 11)x1074 1444
B(Ds1(2536)t — D** K?)
D*(2010)~ D4 (2536) % x ( 50 + 1.4 )x1074 1336
B(Ds1(2536)t — D*OK*
+ D*+ KO)
D*(2010)~ Dg1(2536) % x ( 33+ 11)x107* 1336
B(Ds;(2536)t — D*0K)
D*~ Ds1(2536)F x ( 5.0+ 1.7)x104 1336
B(Ds;(2536)t — D** K?)
D~ D, ;(2573)F x < 1 x 1074 CL=90% 1414
B(D,s(2573)t — DOKT)
D*(2010)~ D, ;(2573)*" x < 2 x104  CL=90% 1304

B(D,;(2573)t — DOKT)



94 Meson Summary Table

Dt m—

DY a1(1260)~

D a(1260)~

Dg+a2i

D™ a,

Dy Kt

DI K+

D7 K*(892)*

Dy~ K*(892)*

DS 7t KO

D mt KO

Dy Ktatn

D, 7+ K*(892)°

Di ™ nt K*(892)°

DOKO

DKt r
DO K*(892)°
D3(2460)~ K+ x

B(D3(2460)~ — D°7~)

DY K+ 7~ non-resonant

[Kt K~ ]p K*(892)°

DO70

DY K*(892)°
v
D*(2007)°7°
*(2007)9 p0
(2007)07,
(2007)07/
*(2007)0 7t
(2007)°K0
*(2007)° K*(892)0
( )OK*
*(2007)" ™
*(2010)
*(2007)°w
*(2010)* D
*(2007)

*.
o

2007 (892)°
200707t rt e
2010)* D*(2010)~
2007)°

2010

2007)° D*(2007)°
-DOKt

Uoodoooddddddbd

~ o~ o~~~

78 £
2.16+
21 +
2.4
41 +
1.9
3.6
2.1
1.7
1.9
2.0
22 £
219+
35 £

32

110+
1.10

18 £
3.0
1.6
5.2
8.8
4.2
1.8

oW H

3.7

2,63+
32 £
12 £
236+
1.38%
253+
1.16

53 &
11

2.5

22 £
5.1

23 £
1.40%
6.2 £
3.6 £
6.9
4.0
2.7
8.0
3.6
6.1

HoHH W

1.07+

1.4 )x10~7
0.26) x 1073
0.4 )x 1073
x 1075
13 )x107°
x 1075
x 107
x 103
x 1073
x 1074
x 104
0.5 ) x 107>
0.30) x 1073
1.0 ) x 1073
13) %1073
0.33) x 10~4
x 1074
05 )x10~4
x 1073
x 1073
0.7 ) x 1073
1.7 ) x107°
0.6 )x 1073
0.5 ) x 107>

x 1075
18 ) %105
0.14) x 10—4
0.5 )x10~4
0.4 )x1074
0.32) x 10~4
0.16) x 10~4
0.16) x 10~4
x 1073
3.2 )x1076
x 107
x 1073
0.6 )x10~4
x10~4
0.6 )x1074
0.22) x 10~4
22 )x1074
12 )x107°
x 1075
x 1079
0.5 )x1073
0.6 )x 1074
11 )x107%
15 )x 1074
x 1075
0.11) x 103

S=1.4
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

S=1.8

CL=90%

CL=90%
CL=90%

CL=90%

S=25
S=1.3

CL=90%

CL=90%
CL=90%
$=2.6
CL=90%
5=2.8

CL=90%
CL=90%

S=3.1
S=1.6
CL=90%

2306
2270
2215
2197
2138

2080
2015

2242
2185
2172

2112

2222
2164
2198
2138
2076
2280
2261
2213
2029

2308
2237

2274
2198
2235
2183
2261
2213
2258
2256
2182
2220
2141
2248
2227
2157
2157
2219
1711
2180
1790
1715
1574
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D~ D*(2007)° K+ ( 35 +
D*(2010)~ D K+ ( 2474
D*(2010)~ D*(2007)° K+ ( 106+
D~ Dt KO (75 +
D*(2010)~ Dt KO + ( 64 %
D~ D*(2010)t KO
D*(2010)~ D*(2010)* K© ( 81 %
D*~ Ds1(2536)F x ( 80+
B(Ds;(2536)1 — D*t KO)
DO DO KO (27 +
DO D*(2007)0 KO + (11 +
D*(2007)° DO KO
D*(2007)° D*(2007)° K° ( 24 +
(D+D*)(D+D*)K ( 368+
Charmonium modes
ne KO (79 +
e K*(892)° ( 63+
nc(2S) K*0 < 39
he(1P)K*0 < 4
J/1(1S) KO ( 873%
J/P(AS)KT 7~ (12 +
J/1(15) K*(892)° ( 132+
J/’l/}(lS)T]K% (8 =+
J/p(1S)n' KL < 25
J/9(1S) ¢ KO (94 +
J/9p(1S)wK?O ( 23+
X(3872) KO x B(X — J/Yw) ( 60 +
xc0(2P), Xco = J/Yw ( 21+
J/4(15) K (1270)° (13 +
J/9(18) 70 ( 176+
J/¥(1S)n ( 123+
J/pAS)m T~ ( 403+
J/¥(1S)m " 7~ nonresonant < 12
J/9(18)%(500), fy — 7w ( 65T
J/¥(1S) 1 (42 +
J/(1S)p° ( 258+
J/9(18)%(980), fy — =t~ < 11
J/9(15)p(1450)°, PO — mx (21 7F
J/Y(1S)w ( 23+
J/P(AS)KT K~ ( 26 +
J/¥(1S) ap(980), ag — (47 %
Kt K=
J/P(15)¢ < 19
J/¥(15) 7/ (958) < 14
J/p(1S) KOzt 7= ( 10 +
J/p(1S) KO p0 ( 54 %
J/(1S) K*(892)F m~ (8 =+
J/9(1S)K*(892)0 nt 7~ ( 66 +
X(3872)" KT < 5
X(3872)" Kt x B(X(3872)™ — [ywl < 4.2
J/(18) 7~ 7°)
X(3872) KO x B(X — (43 +

J/prt ™)

0.4 )x10-3
0.21) x 10—3
0.09) %

1.7 )x 1074
05 )x 1073

0.7 )x 103
24 )x 1074

11 )x 1074
0.5 ) x 1073

0.9 )x 1073
0.26) %

1.2 )x 1074
0.9 )x 1074

x 1074

x 104
0.32) x 1074
0.6 )x 1073
0.06) x 10—3
4 )x1075

x 1075
26 )x 1072
0.4 )x 1074
32 )x1076
0.9 )x 107>
05)x103
0.16) x 10~3
0.19) x 1073
0.18) x 107>

x107°
26 ) x 1076
0.7 )x10~©
0.21) x 10~°

x 106
25 )y x 106
0.6 )x 107>
0.4 )x107°
3.4 )x10~7

x10~7
x 1076
0.4 )x1073
3.0 )x 1074
4 )x1074
22 )x 1074
x 1074
x 1076

1.3 )x 1076

CL=90%
CL=90%

CL=90%

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%
CL=90%

1478
1479
1366
1568
1473

1360
1336

1574
1478

1365

1751
1646
1157
1253
1683
1652
1571
1508
1271
1224
1386
1140
1102
1390
1728
1672
1716
1716

1609
1533

1520
1546
1611
1390
1514
1447

1140
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X(3872) KOx B(X — J/¢n)
X(3872) K*(892)° x B(X —
J/¢7)
X(3872) KO x B(X — ¢(25)%)
X (3872) K*(892)0 x B(X —
¥(25)7) _
X(3872) KO x B(X — DODOx0)
X(3872) K9 x B(X — D*0pY)
X(4430)* KT x B(X* —
$(28)7*)
X(4430)* KF x B(X* —
J/7E)
J/(1S)pP
J/p(1S)y.
J/(1S) DO
»(2S) KO
$(3770) KO x B(yy — DODO)
$(3770) KO x B(yy — D~ DT)
p(2S)mt 7™
P(2S) Kt x~
$(25) K*(892)0
Xco K°
Xco K*(892)°
Xe2 KO
Xc2 K*(892)°
Xc1 ™
Xc1 KO
Xc1 K™ xt
X1 K*(892)°
X(4051)T K~ xB(Xt —
Xe1mt)
X(4248)T K~ xB(Xt —
Xcl 7r+)

2.4
2.8

6.62
4.4

17 &
12 +
60 T

5.2
1.6
1.3
6.2 £
1.23
1.88
23 £
58 +
6.0 £
147+
1.7 £
15
5.0 +
1.12+
3.93+
38 £
242+

30

x10~6
x10~6

x 1076
x10~6

0.8 )x10~4
0.4 )x104

30 )x1075
x 1076

x 107
x 1076
x 1075
05 )x10~4
x 104
x 104
0.4 )x1073
0.4 )x10~4
0.4 )x1074
0.27) x 10~4
0.4 )x1074
x 1075
1.2 )x107°
0.28) x 10~
0.27) x 1074
0.4 )x1074
0.21) x 10~4

1) %1073

4.0 7200 ) x10-5

K or K* modes

Ktna~

KO 70

7 KO

7 K*(892)°

7' Kj(1430)°

7' K3(1430)°

nK°

nK*(892)°

nK;(1430)0

nK3(1430)0

wKO

20(980)0 K? x B(ag(980)° —
nm’)

BY KO x B(KY — wr?)

a0(980)* KF x B(ag(980)* —
nwE)

by Kt x B(b; — wm)

BYK*Ox B(bY — wn?)

(
(
(
(
(
(
(
(
(
(
(

1.96+
9.9 +
6.6 +
31+
6.3 +
1374
123t
159+
1.10+
9.6 +

5.0 +
7.8

7.8
1.9

74 £
8.0

0.05) x 10~
05 ) x 1076
0.4 )x1073
0.9 )x107®
1.6 ) x 10~
0.32) x 1073

6:34) x107°

0.10) x 1073
0.22) x 1073
2.1 ) x1076
0.6 )x 1076

x 1076

x 1076
x 1076

1.4 )x 106
x 106

CL=90%
CL=90%

CL=90%
CL=90%

CL=95%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

CL=90%
S=1.1

CL=90%

CL=90%
CL=90%

CL=90%

1140
940

1140
940

1140
1140

575

575

862
1731

877
1283
1217
1217
1331
1238
1116
1477
1341
1378
1228
1468
1411
1371
1265

2615
2615
2528
2472
2346
2346
2587
2534
2415
2414
2557
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b K*t x B(b] — wn™) < 50 x1076  CL=90% -
a0(1450)* KF x B(ag(1450)* — < 31 x 1076 CL=90% -
ko)
K2 X0 (Familon) < 53 x107%  CL=90% -
wk*(892)0 (20 + 05)x1076 2503
w(Km)g0 ( 1.84+ 0.25)x 1075 -
wK3(1430)° ( 1.60+ 0.34) x 1079 2380
w K3(1430)° ( 101+ 0.23)x 1075 2380
wK* 7 nonresonant ( 51+ 1.0)x106 2542
Ktn—x0 ( 3.78+ 0.32) x 1075 2609
Ktp~ (70 £ 09 )x1076 2559
Kt p(1450)~ (24 +12)x10°6 -
KT p(1700)~ (6 +7 )xi0~7 -
(K+x~x%) non-resonant ( 28+ 06)x10° -
(Km)gtm= x B(Km)5t — ( 34 + 05)x1075 -
K+ 70)
(Km)g0 70 xB((Km)0 — ( 86 + 1.7 )x107° -
K*Tr7)
K3%(1430)% 70 < 40 x1076  CL=90% 2445
K*(1680)0 70 < 15 x1076  CL=90% 2388
K070 [bbaa] ( 61 + 1.6 )x 106 -
KOrt = ( 65+ 08)x107° S=1.2 2609
KO7+ 7~ non-resonant ( 1a7F 049 <1075 s=2.1 -
KO0 ( 47 + 06 )x10~° 2558
K*(892)T n— ( 84 + 08)x10° 2563
K3(1430) Y 7~ ( 33+ 07)x107° $=2.0 -
Kt o= [bbaa] ( 5.1 % 1.6 )x 10~ -
K*(1410)t 7~ x < 38 x 1076 cL=90% -
B(K*(1410)T — KO77%)
f,(980) KO x B(f(980) — ( 70 £ 09 )x1076 2522
ata)
f,(1270) KO (277 13)x1w06 2459
£ (1300) KO x B(fy, — 7t 77) ( 1.8 £ 07 )x107° -
K*(892)0 70 ( 33+ 06)x10° 2563
K3(1430) " 7~ < 6 x1076  CL=90% 2445
K*(1680) T 7~ < 10 x1075  CL=90% 2358
Ktn—atna~ [ccaal < 2.3 x 104 CL=90% 2600
PO Kt ( 28 + 07 )x10"6 2543
f(980)Kt 7, fy — =7 (14T 02106 2506
K* 7~ 7 7~ nonresonant < 21 x 1076  CcL=90% 2600
K*(892)0 7wt 7~ ( 55+ 05)x107> 2557
K*(892)0 p0 ( 39 +13)x10° S=1.9 2504
K*(892)°%(980), fo — mm ( 39+ 21yx106 S=3.9 2466
Kq(1270) T 7~ < 30 x 1075  CL=90% 2484
K1(1400)t 7~ < 27 x107%  CL=90% 2451
a1(1260)~ K+ [ccaal ( 1.6 + 0.4 )x 1073 2471
K*(892)T p~ ( 1.03% 0.26) x 1075 2504
K§(1430)* p~ ( 28+ 12)x107° -
K1(1400)0 p0 < 30 x1073  CL=90% 2388
K3(1430)0 o0 ( 27 £ 06 )x1075 2381
K5(1430)°0£5(980), fy — 77 ( 27 + 09 )x 106 -
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K3(1430)°£,(980), fy — =
KtK—
KOKO
KOK 7t
K*OK0+ K*OKO
KT K= 7°
0 4,0 0
KgKgﬂ'
P
Ks K
KOKT K-
K%
f(980)KO, fy — Kt K-
f,(1500) K©
£5(1525)9 KO
f(1710)KO, fy — KT K~
K9 K+ K~ nonresonant
0 40 40
K K% kS . 0
£(980) KO, fy — K% KQ
fH(1710)K°, f — K%K
£(2010)K®, f5 — K% KS
K% k% k% nonresonant
0 40 40
KK KO
K*(892)0 K+ K~
K*(892)0 ¢
K+ K~ 7t 7~ nonresonant
K*(892)° Kt
K*(892)0K*(892)°
K+ Kt 7~ 7~ nonresonant
K*(892)0 K+ 7~
K*(892)0 K*(892)°
K*(892)" K*(892)~
K1(1400)° ¢
o (Km)p?

(Km)gd (1.60<my, <2.15) [ddaa]

K5(1430)° K~ ot
K3(1430)°K*(892)°
K3(1430)0K}5(1430)0

K5(1430)0¢

K3(1430)° K*(892)°

K5(1430)° K55(1430)°

K*(1680)% ¢

K*(1780)° ¢

K*(2045)% ¢

K3(1430)0p0

K3(1430)%¢

KP¢¢

' KO

nKy

i KO

K%y

Ktna~ ¥

—~

ANNANN NN

—_~ o~

8.6 £
13 £
121+
73 £
1.9

22 +

1.0
2.0
2.63%
73 £

70 T

1.3

I+

4.4
3.3
6.0
2.7

5.0

B+ W B K+

1.33+
1.6
2.75+
1.00+&
7.17
45 +
8 £
6.0
2.2

2.0
5.0
43 +
1.7
3.18
3.3
8.4
39 £
1.7
4.7
3.5
2.7
1.53
1.1
6.8
45 +
3.1
76 £
6.4
27 +
4.6 +

2.0 ) x 1076
0.5 )x 1077
0.16) x 1076
1.1 )x1076
x 106
0.6 )x1076
x 1077
x 1076
x 106
0.15) x 10~°
0.7 ) x10~6
g:g ) x 106
65 )x1078
2 ) x 107
0.9 )x1076
1.0 ) x107°
0.5 ) x107®
1.8 ) x107°
52 ) x1077
6 )x10~7
0.31) x 1073
x 1075
0.26) x 1073
0.05) x 10~
x 1073
1.3 )x 1076
5 )x10~7
x 1076
x 1076
x10~7
x 106
x 1073
0.4 )x1076
x 106
x 1075
x 100
x 106
0.8 )x10~6
x 106
x 106
x 106
x 1076
x 1073
x 1073
0.9 )x 1076
0.9 )x 1076
x 1075
1.8 )x 107
x 106
0.7 )x107©
1.4 )x 107

S=1.2

CL=90%
CL=90%
CL=90%

S=1.3

S=1.1

CL=90%

CL=90%

$=2.2
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

S=1.2

CL=90%

CL=90%

2593
2592
2578

2579
2578
2515
2452
2522
2516

2398

2522
2521

2521
2521
2467
2460
2559
2524
2485
2559
2524
2485
2485
2339

2403
2360
2222
2333
2360
2222
2238

2381
2333
2305
2337
2587
2528
2516
2615
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K*(892)%~ ( 433+ 0.15) x 1075 2564
K*(1410)~y < 13 x1074  CL=90% 2451
K+ 7=~ nonresonant < 26 x107%  CL=90% 2615
K*(892)% X(214) x B(X — leeaa] < 226 x 1078 CL=90% -
ptu)
KOrt o= ( 1.95+ 0.22) x 1075 2609
Ktn— 70 ( 41 + 04 )x107° 2609
K1(1270)%~ < 58 x1075  CL=90% 2486
K1(1400)0~ < 12 x1075  CL=90% 2453
K35(1430)% ( 1.24% 0.24) x 1075 2447
K*(1680)%~ < 20 x1073  CL=90% 2361
K3(1780)0 < 83 x107%  CL=90% 2341
K} (2045)0y < 43 x1073  CL=90% 2244
Light unflavored meson modes
Oy ( 86 + 15 )x107 2583
PO X(214)x B(X — ptp™)  [eeasl < 1.73 x 1078 CL=90% -
wy (44T 18)x1077 2582
oy < 85 x10~7  CL=90% 2541
ata~ ( 512+ 0.19)x107° 2636
7070 ( 191+ 0.22) x 10~6 2636
nm0 < 15 x1076  CL=90% 2610
nn < 10 x 1076 CL=90% 2582
7' 70 (1.2 + 06 )x107° S=17 2551
n'n < 17 x1076  CL=90% 2460
n'n < 12 x 1076 CL=90% 2523
! o0 < 13 %1076 CL=90% 2492
7’ 15(980) x B(f(980) — < 9 x10~7  CL=90% 2454
ataT)
np < 15 x1076  CL=90% 2553
n1(980) x B(f(980) — =t77) < 4 x10~7  CL=90% 2516
wn ( 94T 4%)x1077 2552
wy! (10T 3% )x10-6 2491
wp? < 16 x1076  CL=90% 2522
wf(980) x B(f(980) — wFx7) < 15 x1076  CL=90% 2485
ww ( 12+ 04)x107° 2521
¢ < 15 x10~7  CL=90% 2540
on < 5 x10~7  CL=90% 2511
o' < 5 x1077  CL=90% 2448
op° < 33 x10~7  CL=90% 2480
6f(980)x B(fy — nt77) < 38 x10~7  CL=90% 2441
pw < 7 x10~7  CL=90% 2479
1030) < 2 x1077  CL=90% 2435
a(980) 7T x B(ap(980)* — < 31 x 1076 CL=90% -
)
ag(1450)F 7 F x B(ag(1450)+ — < 23 x 1076 CL=90% -
k)
at a0 < 12 x10~4  CL=90% 2631
P00 ( 20 + 05 )x10~° 2581
pFat lgg] ( 230+ 0.23)x 105 2581
ata-ata— < 193 x107%  CL=90% 2621
POnta— < 88 x1076  CL=90% 2575
00 ( 73 + 28)x10~7 2523
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f(980) T 7~
00 £(980) x B((980) —

atr)

15(980) f(980) x B?(f(980) —

ataT)

(980) £,(980) x B(fy — 7 77)

x B(fy = KTK™)
a1 (1260)F 7+
a»(1320)F 7%

+r— 71.O 7TO
ptp”
a1(1260)0 70
(.UTFO
atata 70
a1(1260)* p~
a1(1260)° p0

b?:ﬂ'ix B(b] — wn)
b?7r0>< B(b? — wn?)
bl_p+>< B(by — w7m™)
by p% x B(bY — wn?)

atatat e o™

a1(1260) T a1 (1260)~ x

B2(a] — 2nt77)
0

™

atrtrta—a ar

ol

p
pprta
ppK°
o(1540)tp, 6T — pK
f1(2220)K®, f; — pp
ppK*(892)°
F(2220)KG, f; — pp
pAT™
pX(1385)~
A%
pPAK™
B}__OTF
AA
AAKO
ANK*O

AADO
ADAD
ATt A—
Dpp

Dy Ap
D*(2007)°
D*(2010)~
D~ pprt
D*(2010)~ ppn ™t
Doppata—

pp
pn

0
S

[gg]
lggl

(

<
<

(

/\/\/\/\A/\/\/\/\/\

—

2.3

26 £
6.3
3.1
242+
1.1

9.0
6.1
2.4
1.09+
1.9
1.4
3.4
3.0
118+

1.1

Baryon modes

[ffaa]

(

NNNNN_

—

~ e~~~ o~~~

15 T

2.5
2.66+

45
1.247F

15
3.14+
2.6
9.3
8.2
3.8
3.2

I+

4.8

I+

2.5

11t

15

1.1

1.04+
2.8 £
99 £
14 £
3.32+
4.7 +
3.0 £

x10~6
x10~7

x 1077
x 1077

0.5 )x1073
x10~6
X 1073
0.31) x 1073
x 1073
x10~7
x 1073
x 1075
x 10—3
0.15) x 10~
x10~6
x10—6
x 106
x 1073
0.31) x 1075

%

65 )x1078
x 104
0.32) x 1076
x 108
x 10~ 7

0:35) x 1076

x 107
0.29) x 1076
x 1077
x10~7
x 107
x10~6

x 104
0.07) x 10~4
0.9 )x 1075
1.1 ) x 1073
0.4 )x1073
0.31) x 1074
05 )x 1074
05 )x10~4

CL=90%
CL=90%

CL=90%

CL=90%

S=1.9
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

S=1.2

2592
2336

2572

2467

2406
2347
2318
2135

2216

2401
2363
2364
2308
2383
2392

2250

2098

1661

2335
2335
1863
1710
1788
1785
1786
1707
1708
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D pprta ( 1.9 + 05 )x10~4 1623
O.prt, 6 — D7 p < 9 x1076  CcL=90% -
Ocprt, O — D* 7 p < 14 x1075%  CL=90% -
I_TAtt < 10 x 1073 CL=90% 1839
AZprta ( 1.3 + 04 )x10-3 1934
ATp ( 20 + 04 )x107° 2021
Az pr® ( 1.9 + 05 )x10~4 1982
Y (2455)" p < 30 x 1072 -
A prta=ad < 507 %1073  CL=90% 1882
Acprtrata < 274 x1073  CL=90% 1821
Acprta ( 117+ 0.23)x 1073 1934
AZ prt ™ (nonresonant) (71 & 14 )x107% 1934
T (2520)" " prt ( 117+ 0.25) x 1074 1860
¥ (2520)° pr~ < 31 x1075  CL=90% 1860
T (24550 pr~ ( 1.04+ 0.22) x 1074 1895
T (2455)0NO, NO — pr~ ( 80 + 29)x107> -
X (2455)"~ pnt (22 4 04)x1074 1895
AZpKta~ (43 + 1.4)x1075 -
T(2455) " pKt, T.7 — ( 11 + 04 )x1075 1754
Z; T

AZ pK*(892)° < 242 x 1075 CL=90% -
AZAKT ( 38 £ 13)x1075 1767
AL < 62 x107%  CL=90% 1319
/\C(2593) / Ac(2625)" p < 11 x 1074 CL=90% -
ZOAN E0 - Etrao ( 22 +23)x1075 S=1.9 1147
ATAZ KO ( 54 + 32)x10~% -

Lepton Family number (LF) or Lepton number (L) or Baryon number (B)

violating modes, or/and AB = 1 weak neutral current (B1) modes
vy B1 < 32 x 107 CL=90% 2640
ete BI < 83 x1078  CL=90% 2640
ete vy BI < 12 x1077  CL=90% 2640
whp~ BI < 63 x 10710 cL=90% 2638
ptu=y B1 < 16 x10=7  CL=90% 2638
ptp—ptp= < 53 x1079  CL=90% 2629
SP, S— utpu-, lggaal < 5.1 x1079  CL=90% -
P — ptpu”

ttr- BI < 41 x1073  CL=90% 1952
00t~ B1 < 53 x1078  CL=90% 2638
mlete~ B1 < 84 x1078  CL=90% 2638
w0t~ B1 < 69 x1078  CL=90% 2634
nlt o~ < 6.4 x 1078  CL=90% 2611
nete < 108 x10~7  CL=90% 2611
nutp < 112 x10~7  CL=90% 2607
7 B1 < 69 x107%  CL=90% 2638
KOt~ Br [sss] ( 31 % 38 )x10-7 2616
KOet e~ BI (16T 33)x1077 2616
KOyt~ B1 ( 34+ 05)x107 2612
KOyw BI < 49 x1075  CL=90% 2616
Ao BI < 208 x10~4  CL=90% 2583
K*(892)0 ¢t ¢~ Bl [sss] (99 T 12)x1077 2564
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K*(892)% et e~ B1 ( 1.03F 319) x 1076 2564
K*(892)0 ut ™ BI ( 1.05+ 0.10) x 1076 2560
K*(892)0vw B1 < 55 x1075  CL=90% 2564
o BI < 127 x10~4  CL=90% 2541
et uF LF  [gg] < 28 x1079  CL=90% 2639
n0e® T LF < 14 x10~7  CL=90% 2637
KOt F LF < 27 x10~7  CL=90% 2615
K*(892)0 et 1~ LF < 53 x10~7 CL=90% 2563
I
K*(892)0 e~ it LF < 34 x10~7  CL=90% 2563
1
K*(892)0 e* 1, F LF < 58 x10~7  CL=90% 2563
/
et rF LF  [gg] < 28 x 1075  CL=90% 2341
ptrF LF  [gg] < 22 x10~5 CL=90% 2339
invisible BI < 24 x 1072  CL=90% -
VoY BI < 17 x 1075 CL=90% 2640
At LB < 18 x1076  CL=00% 2143
ch
Arem LB < 5 x1076  CL=90% 2145
B*/B% ADMIXTURE

CP violation

Acp(B — K*(892)v) = —0.003 £ 0.017
Acp(b — sv) = —0.008 + 0.029
Acp(b— (s+d)y) = —0.01 £0.05
Acp(B — Xsti(™) = 0224 0.26
Acp(B — K*ete™) = —-0.18 £ 0.15
Acp(B — K*utu~)=-003+0.13

(

Acp(B — K*0T (™) = —0.04 +0.07
H 0.04
Acp(B — mnanything) = 70.131'0‘05
The branching fraction measurements are for an admixture of B mesons at the
T(4S). The values quoted assume that B(7(4S) — BB) = 100%.

For inclusive branching fractions, e.g., B — p* anything, the treatment of
multiple D’s in the final state must be defined. One possibility would be to
count the number of events with one-or-more D’s and divide by the total num-
ber of B’s. Another possibility would be to count the total number of D’s and
divide by the total number of B’s, which is the definition of average multiplic-
ity. The two definitions are identical if only one D is allowed in the final state.
Even though the “one-or-more” definition seems sensible, for practical reasons
inclusive branching fractions are almost always measured using the multiplicity
definition. For heavy final state particles, authors call their results inclusive
branching fractions while for light particles some authors call their results mul-
tiplicities. In the B sections, we list all results as inclusive branching fractions,
adopting a multiplicity definition. This means that inclusive branching fractions
can exceed 100% and that inclusive partial widths can exceed total widths, just
as inclusive cross sections can exceed total cross section.

B modes are charge conjugates of the modes below. Reactions indicate the
weak decay vertex and do not include mixing.
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B DECAY MODES

Fraction (I';/T)

Scale factor/

p

Confidence level (MeV/c)

Semileptonic and leptonic modes
10.86 + 0.16 ) %

et veanything [hhaa]  (
pet v, anything <
ut v, anything [hhaa]  (
(T ypanything [sss,hhaa]  (
D~ (* ypanything [sss]  (
DO ¢+ ypanything [sss]
zi(*‘ug (
Drt Vr (
D*~ ¢t yyanything [iiaa] (

D ity liiaa] - (
D*rtu, (
Dty [sss,kkaa]  (
D1 (2420) £ vpanything (

D7 ¢t vyanything + (

D* ¢t vypanything
D7 ¢t vyanything (
D*mit vganything (
D3(2460) £+ vyanything (
D*~ 7t ¢F vyanything (

5.9
10.86
10.86

2.8

73

2.42

1.07

6.7

4.95

1.64

2.7

3.8

2.6

15
1.9
4.4
1.00
7
5
7
10.65
2.14
6.3
10
46

H

+

D, D*, or Dg modes

Dy £F vganything [sss] <
Dy ¢F v KT anything [sss] <

D ¢+ vy K%anything [sss] <
)<C€+_Vg (
)<u€+_V[ (
K™ ¢ ypanything [sss] (
K~ (T ypanything [sss] (
KO /KO ¢+ vpanything [sss] (
Dianything (
DO /D% anything (
D*(2010)* anything (
D*(2007)%anything (
Dsianything leg] (
D’s‘ianything (
DD (
D®DHKOL DD KE [gguiaa]
b — ccCs (
D)D) leg llaa]
D* D*(2010)* lgg] <
D D*(2010)* + D*D* leg] <
DD* lgg] <
DsMED ) X (n7¥) lgg.laa]  (

23.7
62.7
22.5
26.0
8.3
6.3
3.4

7.1

22
3.9
5.9
55
3.1

9

HoH o+ B H H B R R R

I+
NG}

x 1074
0.16 ) %
0.16 ) %
09 )%
15 )%
012 )%
0.18 )%
13 )x1073
011 )%
0.15 )%
07 )%
13 )x1073
05 )%

06 )%
04 )%
16 )x1073
034 )%
x 1073
x 1073
x 1073
0.16 ) %
031 ) x 1073
06 )%
4 yx1073
05 )%

13 )%

29 )%

15 )%

27 )%

08 )%

1.0 )%

06 )%

17 )%

4 )%

04 )%
x 1073
x 1073
x 1073

) %

CL=90%

S=2.4
S=1.5

CL=90%
CL=90%
CL=90%

S=1.3

CL=90%
CL=90%
CL=90%

1711

1866



104 Meson Summary Table

D*(2010)~ <
D:ﬂ'_, D:+7r_, D;"p_, [gg] <
Ditp=, Df a0, DIt A0,
D;'n, DZ+’r/, D;Fpo,
D;H'po, D:w, D?—w
Dg1(2536) T anything <

1.1
4

9.5

Charmonium modes

J/¥(1S)anything (
J/4(1S) (direct) anything
¥(2S)anything
Xc1(1P)anything
Xc1(1P) (direct) anything
Xc2(1P)anything
Xc2(1P)(direct) anything
n¢(1S) anything <
K X(3872) x B(X — (
DODO79)
K X(3872) x B(X — (
D*O DO)
K X(3940) x B(X — D*0D0) <
Kxco(2P), xco = wd/¢  [mnaa] (

K or K*

Kianything leg] (
Kt anything (
K~ anything (
K%/ K%anything lggl (
K*(892)ianything (
(

(

(

~ e~~~ o~ o~

K*(892)0 /K*(892)° anything  [gg]
K*(892)~
nK~y
K1(1400) <
K3(1430)~ (
K2(1770)’y <
K3(1780) <
K;(2045)y <
K1/ (958) (
K*(892) 1/ (958) (
Kn <
K*(892)n (
Koo (
b— sy (
b— dvy (
b — Sgluon <
1 anything (
n' anything (
K™ gluon (charmless) <
KO%gluon (charmless) (

1.094+ 0.032
78 £ 04
3.07 + 0.21
3.86 + 0.27
3.24 £ 0.25
14 + 04
1.65 + 0.31
9
1.2 + 04
8.0 + 2.2
6.7
71 + 34

modes
789 + 25
66 + 5
13 + 4
64 + 4
18 + 6
146 + 2.6
42 + 06
gs + 18
1.27
17+ g
1.2
3.7
1.0
83 & 1.1
41 + 1.1
5.2
1.8 + 05
23 + 09
3.40 + 0.21
9.2 + 3.0
6.8
26 * 03
42 + 09
1.87
1.9 + 07

x 1073
x10~4

x 1073

) %
)yx 1073
) x 1073
) x 1073
) x 1073
)yx 1073
) x 1073
x 1073
)y x 104

) x 1075

CL=90%
CL=90%

CL=90%

S=1.1
S=1.1

S=1.9

CL=90%

CL=90%

CL=90%

CL=90%
CL=90%
CL=90%

CL=90%

CL=90%

CL=90%

2257

1141

1084
1103



Meson Summary Table 105
Light unflavored meson modes
Y ( 139 + 025 )x10°6 S=1.2 2583
plwy ( 130 + 023 )x1076 S=1.2 -
7+ anything lggooaa) ( 358 +£7 )% -
70 anything (235  £11 )% -
7 anything ( 176 + 16 )% -
p° anything (21 £5 )% -
w anything < 81 % CL=90% -
¢ anything ( 343 £012)% -
@ K*(892) < 22 X107  CL=90% 2460
7t gluon (charmless) ( 37 +£08 )x107% -
Baryon modes
AT/ AZ anything (45 +£12 )% -
/\'C"anything < 1.7 % CL=90% -
A anything < 9 % CL=90% -
AZ ¢+ anything < 11 x1073  CL=90% -
A et anything < 23 x 1073 CL=90% -
AZ ptanything < 1.8 x 103 CL=90% -
AZ p anything ( 26 +08 )% -
AZpet g < 10 x1073  CL=90% 2021
z;*anything ( 42 + 24 )x1073 -
3 anything < 96 x1073  CL=90% -
T0anything ( 46 +24 )x1073 -
TON(N = porn) < 15 x1073  CL=90% 1938
ZUanything (193 + 030 )x10~% S=1.1 -
x B(Z? — =-x+)
=1 anything ( 45 T 13 )50 -
X B(_:zr — Zatat)
p/p anything lggl ( 80 +£04 )% -
p/p (direct) anything lgg] ( 55 £ 05 )% -
A/ A anything lgg] ( 40 + 05 )% -
=~ /=" anything lgg] ( 27 +06 )x1073 -
baryons anything ( 68 £06 )% -
pp anything ( 247 £023)% -
AP/ Ap anything lgg]l ( 25 +04 )% -
AA anything < 5 x1073  CL=90% -
Lepton Family number (LF) violating modes or
AB = 1 weak neutral current (B1) modes

sete™ BI ( 47 +13 )x1076 -
sutp~ BI ( 43 +12 )x107® -
sete— Bl [sss] ( 45 + 1.0 )x1076 -
A BI < 59 x1078  CL=90% 2638
mete < 110 x1077  CL=90% 2638
aut < 50 x1078  CL=90% 2634
Kete~ BI ( 44 +06 )x1077 2617
K*(892)et e~ B1 ( 119 + 020 )x107® S=1.2 2564
Kutp~ BI ( 44 +04 )x1077 2612
K*(892) ut ™ B1 ( 1.06 + 009 )x1076 2560
Kt e~ BI ( 48 +04 )x1077 2617
K*(892) £t ¢~ BI ( 1.05 + 010 )x 1076 2564
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Kvo B1 < 17 x1075  CL=90% 2617
K*vo BI < 16 X107 CL=90% -
setpF LF  [gg] < 22 x 1075 CL=90% -
met LF < 92 x10~8  CL=90% 2637
pet T LF < 32 x1076  CL=90% 2582
Ke* ¥ LF < 38 x1078  CL=90% 2616
K*(892) e* T LF < 51 x10~7  CL=90% 2563

B*/B°/BY/b-baryon ADMIXTURE

These measurements are for an admixture of bottom particles at high
energy (LHC, LEP, Tevatron, SppS).
Mean life 7 = (1.568 + 0.009) x 10712 5
Mean life 7 = (1.72+40.10)x 10~1?s  Charged b-hadron admixture
Mean life 7 = (1.58 = 0.14) x 10712 s Neutral b-hadron admixture
T charged b—hadron /T neutral b—hadron = 1.09 + 0.13
|ATp|/7 5 = —0.001 + 0.014
Re(ep) / (1 + |ep|?) = (1.2 £0.4) x 1073
The branching fraction measurements are for an admixture of B mesons and
baryons at energies above the 7°(4S). Only the highest energy results (LHC,
LEP, Tevatron, SppS) are used in the branching fraction averages. In the

following, we assume that the production fractions are the same at the LHC,
LEP, and at the Tevatron.

For inclusive branching fractions, e.g., B — Dianything, the values usually
are multiplicities, not branching fractions. They can be greater than one.

The modes below are listed for a b initial state. bmodes are their charge
conjugates. Reactions indicate the weak decay vertex and do not include mixing.

_ Scale factor/ p
b DECAY MODES Fraction (T';/T) Confidence level (MeVjc)

PRODUCTION FRACTIONS

The production fractions for weakly decaying b-hadrons at high energy
have been calculated from the best values of mean lives, mixing parame-
ters, and branching fractions in this edition by the Heavy Flavor Averaging
Group (HFAG) as described in the note “B0-BO Mixing” in the B Particle
Listings. The production fractions in b-hadronic Z decay or pp collisions
at the Tevatron are also listed at the end of the section. Values assume

B(b — BT)=B(b— BO)
B(b— BT)+B(b— BY) +B(b— BY) + B(b — b-baryon) = 100 %.
The correlation coefficients between production fractions are also re-

ported:
cor(BY, b-baryon) = —0.291

cor(BY, B*=B0) = —0.083

cor(b-baryon, Bi:BO) = —0.929.
The notation for production fractions varies in the literature (fy, dBO’
f(b — BO), Br(b — BY)). We use our own branching fraction notation
here, B(b — B9).
Note these production fractions are b-hadronization fractions, not the con-
ventional branching fractions of b-quark to a B-hadron, which may have

considerable dependence on the initial and final state kinematic and pro-
duction environment.
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Bt (402 + 0.7)% -
B0 (402 £ 0.7 )% -
BY (105 £ 0.6 )% -
b-baryon (92 +£15)% -
DECAY MODES
Semileptonic and Ieptonic modes
vanything (231 £15)% -
{* ypanything [sss] ( 10.69+ 0.22) % -
et veanything ( 10.86+ 0.35) % -
wt v, anything (10.95F 023) % -
D~ (T ypanything [sss] ( 227+ 0.35) % S=1.7 -
D~ ¢t ypanything (49 +£19)x10-3 -
_ D™ w £t ypanything ( 26 +16)x1073 -
DO ¢+ ypanything [sss] ( 6.84% 0.35) % -
D07~ ¢+ vyanything ( 1.07+ 0.27)% -
DOxt ¢t ypanything ( 23+ 16 )x1073 -
D*~ ¢T ypanything [sss] ( 275+ 0.19) % -
D*~ 7~ £t vyanything (6 +7 )xio4 -
D*~ 7t ¢+ vyanything ( 48 £ 1.0)x103 -
Doé"’wanythmg X B(D [sssppaal (2.6 + 0.9 )x 1073 -
D*tr)
DJTFL vganything x [sss,ppaa] ( 7.0 + 23 )x 1073 -
B(D; — D7)
53(2460)_0 ¢+ vpanything < 14 x1073  CL=90% -
x B(D3(2460)°
D*~ 7 7)
D3(2460)~ £+ vyanything x (42T 12)x1073 -
B(D3(2460)~ — D7)
5’2‘(2430)0€+uéanything x ( 16 + 08 )x1073 -
B(D3(2460)° — D~ r¥)
charmless (7, [sss] ( 1.7 + 05 )x 1073 -
7t v anything ( 241+ 023)% -
D*~ 7v,anything (9 +4 )x1073 -
T — (" wvyanything [sss] ( 8.02+ 0.19) % -
¢ — (T vanything (165 38)% -

Charmed meson and baryon modes

DOanything (598 + 29 )% -
DO D¥ anything legl ( 91 7% 53)% -
D¥ D¥ anything leg]l ( 40+ 23)% -
DO DO anything gl ( 51 7% 20)% -
DO D+ anything leel ( 271+ 18)% -
D* DF anything lggl < 9 x 1073 CL=90% -
D~ anything (233 £17)% -
D*(2010)* anything (173 £ 20)% -
D; (2420)% anything (50 £15)% -
D*(2010)F DZ anything gl ( 33+ 18)% -
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DO D*(2010)* anything
D*(2010)* DF anything

leg] ( 3.0

lggl ( 25

D*(2010)* D*(2010)F anything  [gg] ( 12

D Danything
D3(2460) anything
o s
1 anything

C
€/ c anything

J/¥(1S)anything
¥(2S)anything
Xc1(1P)anything

Sy

Svv
K*anything
K%anything

7+ anything
70 anything
¢anything

p/Ppanything
A/ Aanything
b-baryon anything

charged anything
hadron™ hadron™

charmless

(10
( 47
(147
( 101
( 97
[ooaa] (116.2

+

+
+

05 )%
1) %
04 )%

o )

+

+
+
+
+

Charmonium modes
( 116+
( 283+

( 14

K or K* modes

( 31

B1 < 64
(74

( 29.0

Pion modes
(397
[ooaa] (278

Baryon modes
(131
( 59
(102

Other modes
[ooaa] (497
(17

(7

+

+

=+
=

27)%
21 )%
31)%
29)%
32)%

0.10) %
0.29) x 10—3
0.4)%

11 )x10"%
x 104

6 )%

29)%

+21 )%
160 )%
( 2.82+ 0.23) %

+
+

11)%
06 )%
28)%

7 )%
(1)9 ) x 10—5

+21 ) x 103

AB = 1 weak neutral current (B1) modes

™t p~ anything

Bl < 32

x10~4

CL=90%

CL=90%

B*

0Py = 3a7)

I, J, P need confirmation. Quantum numbers shown are quark-model

predictions.

Mass mg. = 5325.2 & 0.4 MeV
Mmg. — mg = 45.78 £ 0.35 MeV
Mgy — Mgy = 45.0 £ 0.4 MeV

B* DECAY MODES

Fraction (I';/T)

p (MeVy)

By

dominant

45
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By (5721)° 1P) =10

I, J, P need confirmation.

By (5721)° MASS = 5723.5 + 2.0 MeV (S = 1.1)
Mpo — Mgy = 4443 2.0 MeV (S =1.1)
1

B]_(5721)0 DECAY MODES Fraction (I';/T) p (MeV/c)
B*t g~ dominant -
B3(5747)° 1UP) = 3%
I, J, P need confirmation.

B3(5747)% MASS = 5743 £ 5 MeV (S = 2.9)
Full width T = 237, MeV
mBEO — mB(l, =19 + 6 MeV (5230)

85(5741)0 DECAY MODES Fraction (I';/T) p (MeVjc)

Btn— dominant 424

B*t g~ dominant -
BOTTOM, STRANGE MESONS

(B==+1,5=71)

0_p RO — =< ] *
B = sb, By =5b, similarly for B}'s

B? 1(JPy = 0(07)

1, J, P need confirmation. Quantum numbers shown are quark-model
predictions.

Mass mgo = 5366.77 + 0.24 MeV
50 — Mg = 87.35 £ 0.23 MeV

s

Mean life 7 = (1.512 + 0.007) x 10712 5
cr = 453.3 pm

AT o =T — Mg = (0.091 + 0.008) x 1012571
5= ey, ~ ey, = )

m

B3-BY mixing parameters
Amgy = Mgy —mgy = (17.761 + 0.022) x 1012 /i 571
s sH sL
= (1.1691 + 0.0014) x 1078 MeV
Xs = AmBg/ng =26.85+ 0.13
xs = 0.499311 £ 0.000007



110 Meson Summary Table

CP violation parameters in BI

Re(ego) / (1 + |550\2) =(—1.9+ 1.0) x 1073

CKK(BO — KtK
SKK(Bg — KtK™) =0.3040.13
CP Violation phase 85 =
atK™) =028 +0.04

[KT K~ ]pK*(892)°) = 0.04 + 0.16

ACP(Bs -
Acp(BY —

~)=0.14 £0.11

(0.0 & 3.5) x 1072

These branching fractions all scale with B(b — Bg).

The branching fraction B(Bg — D; las vpanything) is not a pure measure-
ment since the measured product branching fraction B(b — Bg) X B(Bg —
D;Z‘*'ueanything) was used to determine B(b — Bg), as described in the
note on “B0-B0 Mixing"”

For inclusive branching fractions, e.g., B — Dianything, the values usually

are multiplicities, not branching fractions. They can be greater than one.

Scale factor/ p
Bg DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Dy anything (93 +25 )% -
1370.4 (105 + 0.8 )% -
Dy ¢* vyanything (79 £ 24)% -
Ds1(2536)~ pt 1y, (25 + 07 )x1073 -
D*~ K%
Ds1(2536)” X ut v, (43 £ 1.7 )x1073 -
Dy — DK+
Dg»(2573)" X put v, (26 +12)x103 -
D, — DK™
Dy wt (3.04% 0. 23) x 1073 2320
D; pt (7.0 £ 15 )x 1073 2249
Dyntrtn (63 + 1.1 )x1073 2301
Dg1(2536) " 7t (25 + 08 )x107° -
Dy at
Df K* ( 2.03% 0. 28) x 1074 S=1.3 2293
Dy Ktrtn (33 + 07 )x1074 2249
DY DS (44 £ 05)x10-3 1824
Dy Dt (36 + 08 )x10~4 1875
Dt D~ (22 + 06 )x10~4 1925
pODpo (19 + 05 )x 1074 1929
Dyt (20 £+ 05 )x1073 2265
Dy pt (97 £ 22 )x1073 2191
pitp; + D DY (1.28% 023) % S=12 1742
Dt DI (1.85% 0. 30) % 1655
Df*)Jr Dg*)f (45 £ 1.4)% -
DOK—rt (9.9 + 15 )x10~4 2312
DOK*(892)° (35 £ 06 )x1074 2264
DOK+ K- (42 + 19 )x1073 2242
D% (24 +07)x1073 2235
D*F g+ < 61 x 1076 cL=90% -
J/v(1S)¢ ( 1.07+ 0.09) x 10°3 1588
J/4(15) 70 < 12 x1073  CL=90% 1786
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J/(1S)n
J/p(1S) K
J/9(15) K*(892)°
1/9(18)
J/p(AS)nt 7~
J/¥(1S)£(980), fy —
ata~
J/9(15)%(1370), fo —
J/'z/JTEISﬂ)fQ(m?O), fo —
rta~
J/(1S) 7T 7« (nonreso-
nant)
J/Y(IS)KT K™
J/9(15) £} (1525)
J/y(15)pp
¥(2S)n
P(S)rt
¥(25)¢
X_c+_1¢7

KOK* 7T

KOK*+ K-
5*(892)0p0
K*(892)% K*(892)°
¢ K*(892)°

pp

/\Z Art

Y

o

Lepton Family number (LF) violating modes or

AN AN AN ANA
-
3

B1 < 87

+ 07 )x1074
+ 0.17) x 1073
+ 09 )x107°
+ 05 )x1074
+ 0.19) x 10~4
+ 0.14) x 1074

+ 06 )x1074
+ 0.30) x 1074
+ 1.9 )x 1077
x10~4
x 1073
x 1073
x 1074
x 10—4
+ 0.31) x107°
+ 06 )x1076
+ 0.17) x 1073
x 1075
+ 05 )x107°
+ 1.7 )x 1073
x 1076
x 1074
+ 07 )x107°
+ 0.30) x 1076

t22)x1078

+ 16 )x1074
x 1076
+ 0.4 )x107°

AB =1 weak neutral current (B1) modes

phu
ete™
et uF
pwhpm ptp”
SP, S— ptyu~,
P— utu~
$(1020) i~
327

BI (31
B1 < 28
LF  [gg] < 11
< 1.2

[ggaa] < 1.2

B1 (76
B1 < 54

+ 0.7 )x 1079
x 10~ 7
x 108
x 108
x10~8

+ 1.5 )x 1077
x 1073

S=1.3

CL=90%

S=1.4
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%

CL=90%
CL=90%

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%

CL=90%

1733
1743
1637
1612
1775

1775

1601
1304

982
1338
1397
1120
1274
2680
2680
2654
2627
2569
2526
2482
2659
2638
2637
2653
2622
2568
2550
2531
2507

2514

2683
2587

2681
2683
2682
2673

2582
2587
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B: 1(JPy = 0(17)

I, J, P need confirmation. Quantum numbers shown are quark-model
predictions.

Mass m = 5415.4731 MeV (S = 3.0)
mp: — mg_ = 48.7f§€ MeV (S =12.8)

B? DECAY MODES Fraction (I';/T) p (MeVjc)
Bsv dominant -
Bs1(5830)° 1UP) = 01t)
I, J, P need confirmation.

Mass m = 5828.7 + 0.4 MeV (S =1.2)
Mgo — Mp.y = 504.41 £ 0.25 MeV
s1

851(5830)0 DECAY MODES Fraction (I';/T) p (MeVc)
B*t K~ dominant -
B%,(5840)° 1(4P) = 0(2*)
I, J, P need confirmation.

Mass m = 5839.96 + 0.20 MeV
mB*o — mBo =10.5 4+ 0.6 MeV

52 s1
Full width ' = 1.6 £ 0.5 MeV

B?,(5840)0 DECAY MODES Fraction (I';/T) p (MeV/c)

Bt K~ dominant 253

BOTTOM, CHARMED MESONS
(B=C=+1)

B'C" = cbh, B_ =<¢b, similarly for BY's

Bf 1(JPy = 0(07)
I, J, P need confirmation.
Quantum numbers shown are quark-model predicitions.
Mass m = 6.2756 + 0.0011 GeV
Mean life 7 = (0.452 + 0.033) x 10712 5

BE modes are charge conjugates of the modes below.
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p
B: DECAY MODES x B(b — Be) Fraction (I';/T) Confidence level (MeV/c)
The following quantities are not pure branching ratios; rather the fraction
r;/f x B(b— B).

J/(1S)£F vpanything (52 124 )x 1075 -
J/p(1S)mt seen 2371
J/p(AS)KT seen 2342
J/p(AS) Tt a~ seen 2351

J/(15) a1 (1260) <12 x1073 90% 2170
J/Y(IS)KT K=t seen 2203
»(2S) 7t seen 2052
J/9(1S) D;r seen 1822
J/9(1S) D:Jr seen 1728
D*(2010)* D° <62 x10~3 90% 2467
Dt K*0 <0.20 x10~6 90% 2783
Dt K*0 < 0.16 x 10~6 90% 2783
D K*0 <0.28 x 1076 90% 2752
DY K*0 <04 x 106 90% 2752
D¢ <032 x 1076 90% 2728
K+ KO <46 x 1077 90% 3098
Bzt /B(b — By) (2371931) x 1073 -

cc MESONS
1¢(15) 16(PC) = ot 1)
Mass m = 2983.6 + 0.7 MeV (S = 1.3)
Full width ' = 32.2 + 0.9 MeV
nc(1S) DECAY MODES Fraction (I';/T) Confidence level (Mle)V/c)
Decays involving hadronic resonances

7'(958) 7w (41 £1.7)% 1323
pp (1.8 £05)% 1275
K*(892)0 K~ nt + c.c. (20 +0.7 )% 1277
K*(892) K*(892) (7.0 £1.3 )x 1073 119
K OK*0 ot 7 (11 £05)% 1073
OKT K™ (29 £1.4 )x10-3 1104
[030) ( 1.7640.20) x 10~3 1089
#2(rt ) < 4 x 1073 90% 1251
ap(980) < 2 % 90% 1327
a»(1320) 7 < 2 % 90% 1196
K*(892)K + c.c. < 128 % 90% 1309
£(1270)n < 11 % 90% 1145
ww < 31 x 1073 90% 1270
we < 17 x 1073 90% 1185
,(1270) f,(1270) (98 +25)x1073 774

f,(1270) f1,(1525) (9.7 £32 ) x 1073 513
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Decays into stable hadrons

KK (73 £05)% 1381
nrt o™ (17 £05 )% 1428
n2(rt ) (44 £13)% 1385
KTK=atzn~ (69 £1.1 )x103 1345
KtK—ata— a0 (35 +£0.6 )% 1304
KOK—ntz~nt tcc. (56 £15)% -
Kt¥K=2(xt77) (75 +2.4 )x1073 1253
2(KTK™) ( 1.4740.31) x 1073 1055
at = 070 (47 £1.0)% 1460
2(ntaT) (9.7 £12 )x1073 1459
2(rt 7~ 70) (174 £33 )% 1409
3(ataT) (1.8 0.4 )% 1407
pp ( 1.524+0.16) x 10~3 1160
ppr (36 +£1.3 )x 1073 1101
AA ( 1.0940.24) x 10~3 990
rty- (21 £06 )x1073 901
==t (89 £27 )x1074 692
KK (10 +5 )x1073 1265
atr" pp (53 £1.8 )x1073 1027
Radiative decays
vy ( 1.57+0.12) x 10~4 1492
Charge conjugation (C), Parity (P),
Lepton family number (LF) violating modes
ata— PCP < 11 x10~4 90% 1485
7070 PCP < 35 x 1075 90% 1486
KT K= PCP < 6 x 104 90% 1408
K kS PCP < 31 x 1074 90% 1406
J/9(1S) 16(UPCy =0—(1— )
Mass m = 3096.916 + 0.011 MeV
Full width T = 92.9 £ 2.8 keV (S = 1.1)
Mee = 5.55 + 0.14 =+ 0.02 keV
Scale factor/ p
J/¢(1S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
hadrons (87.7 +05 )% -
virtualy — hadrons (13.50 40.30 ) % -
ggg (641 £1.0 )% -
Y88 (88 +£11 )% -
ete ( 5.971+0.032) % 1548
ete [rraa] (88 +£14 )x10~3 1548
whtp= ( 5.961+0.033) % 1545
Decays involving hadronic resonances
pT (1.69 +0.15 )% S=2.4 1448
P0r0 (5.6 +07 )x10~3 1448
a,(1320)p (1.09 £0.22 )% 1123
wrtrtr—a~ (85 +£34 )x10-3 1392
wnt =70 (40 +07 )x1073 1418
wrtr~ (86 +07 )x10~3 S=1.1 1435
wf(1270) (43 +06 )x1073 1142
K*(892)0 K*(892)° (23 +07 )x107% 1266
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K*(892)F K*(892)F (1.00 7022 ) x 1073 1266
K*(892)* K*(800)F (11 fé;g ) x 10~3 -
7 K*(892)0 K*(892)° (115 +0.26 ) x 103 1003
K*(892)0 K3(1430)° + c.c. (60 +£06 )x1073 1012
K*(892)° K, (1770)° + c.c. — (69 +09 )x10~4 -
K*(892)0 K—nt + c.c.
wK*(892)K+ c.c. (61 +09 )x1073 1097
KT K*(892)~ + c.c. (512 +£0.30 ) x 1073 1373
Kt K*(892)~ + c.c. — ( 1.97 +£0.20 ) x 1073 -
K+ K= n0
Kt K*(892)~ + c.c. — (30 +04 )x1073 -
KOKE7F + c.c.
KOK*(892)%+ c.c. (439 £031 ) x 1073 1373
KOK*(892)%+ c.c. — (32 +04 )x1073 -
KOKE7T + c.c.
K1(1400)* KT (38 +14 )x1073 1170
K*(892)° Kt~ + c.c. seen 1343
wnd70 (34 +08 )x1073 1436
by (1235)* ¥ lgg] (3.0 +05 )x10-3 1300
wKEKL T lgg] (34 +05 )x10-3 1210
by(1235)0 70 (23 +06 )x1073 1300
nKE KT leg] (22 +04 )x1073 1278
HK*(892) K+ c.c. (218 £023 )x 1073 969
wKK ( 170 +0.32 ) x 1073 1268
wfy(1710) - wKK (48 +11 )x1074 878
#2(rt ) (1.66 +£0.23 ) x 1073 1318
A(1232) Tt pr— (16 +£05 )x1073 1030
wn (174 £0.20 ) x 10-3 S=16 1394
PKK (1.83 £0.24 ) x 1073 S=15 1179
¢ (1710) — ¢KK (36 +06 )x1074 875
¢ £ (1270) (72 +13 )x1074 1036
A(1232) T A(1232) (110 £0.29 ) x 1073 938
> (1385)” £(1385)* (orc.c.)  [gg] (110 +£0.12 ) x 1073 697
f4(1525) (8 +4 )x1074 s=27 871
¢t~ (94 +09 )x10—4 S=12 1365
om0 70 (56 +16 )x10~4 1366
pKEKL AT leg] (72 +08 )x10~4 1114
wf(1420) (68 +24 )x1074 1062
én (75 +08 )x1074 S=15 1320
z0=0 (120 £0.24 ) x 1073 818
=(1530)" = (59 +15 )x10~% 600
pK~X(1385)° (51 +£32 )x1074 646
wT (45 +£05 )x10~4 S=1.4 1446
1’ (958) (40 £07 )x10~4 S=21 1192
¢ 1(980) (32 409 )x10~4 S=1.9 1178
¢%(980) — ot (18 +£04 )x10~4 -
$1(980) — ¢7070 (17 +07 )x10~4 -
npfH(980) — nontr (32 £1.0 )x10~4 -
$a0(980)° — ¢nn0 (5 +4 )x1076 -
=(1530)0=0 (32 +14 )x1074 608
X (1385)~ =+ (or c.c.) lgg] (31 +05 )x1074 855
¢ 1(1285) (26 +05 )x10~4 S=1.1 1032
nrt T (40 +17 )x1074 1487
on (193 £0.23 ) x 1074 1396
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wn'(958)
wf(980)
p1'(958)
a(1320)F 7 F

K K3(1430)+ c.c.
Ky (1270)* KT

K3(1430)° K3(1430)°

o

¢n(1405) — ¢nnw

w 1) (1525)

wX(1835) — wpp

n¢(2170) —

nK*(892)0K*(892)°

3(1385)°A+ c.c.
A(1232)Tp

[ggl

A(1520)A+ c.c. — yAA

6(1540) ©(1540) —
K¢pK~7+ cc

O(1540)K~1 — KipK—7
O(1540)Kip — KIpK*n
O(1540)K*n — KLpK*n
0(1540)K%p — KLpK~m

0%

T T WNN WN
RRXXRXARX

| ol Sl
S

T T T T
ol Tl Tl T
<SS 3 3
)
3

ppw
ppn'(958)
pp®
nn
nfint
yty-
>0%0
2nt ) KT K™
pnm—

<

AN ANANNNNANA

AN N AN A

AN AN A

<
<

(1.82

(14

(1.05
43
4.0
3.0
2.9
6.4
25
2.2
3.9
2.52

8.2
1

4.1
1.1

21
1.6
5.6
11
9

+0.21 ) x 1074
+05 )x 1074
+0.18 ) x 1074
x 1073
x 1073
x 1073
x 10~3
x 1076
x 1074
x 104
x 1076
x 1074

x10~6
x 104
X 1076
x 1079

x 1072
x 1073
x 1070
x 1075
x 1075

Decays into stable hadrons

[ssaal

(41

7.2

+05 )%
+06 )%
+0.07 )%
+0.29 ) %
+3.0 )x1073
+05 )x 1073
+0.28 ) x 1073
+0.31 ) x 1073
+1.0 )x1073
+0.30 ) x 1073
+04 )x1073
+0.21 ) %
+0.24 ) x 1073
+15 )x 1074

2.120+0.029) x 10~3

1.19

4+0.08 ) x 1073
+05 )x1073
+0.9 )x1073
+0.12 ) x 1073

x10~4
+1.0 )x 1074
+0.4 )x1074
+15 )x 1072
+0.16 ) x 1073
+4  )x1073
+0.24 ) x 1073
+0.09 ) x 1073
+0.7 )x 1073
+0.09 ) x 1073

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=95%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

S=1.5
$=2.2

S=1.1
S=1.3
S=1.9

CL=90%
S=1.3

S=1.3

1279
1267
1281
1263
1159
1231

604
1377

946
1003

912
1100

1496
1433
1533
1368
1345
1407
1221
1410
1442
1517
1466
1468
1446
1379
1232
1176
1107
1033

948

774

768

596

527
1231
1106

992

988
1320
1174
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n N(1440)

n N(1520)

nN(1535)
=+

AA

AT~ 7t (or c.c.)
pK—A
2(KTK™)
pK— X0
KtK—

KS KD
At
AAn

NA70
AnK%+ cc.
atr~
AL+ cc.
K2 K

[gg]

seen

seen

seen
(86
(161
(83
(89
(76
(29
(270
(21
(43
(162
(38
(65
(147
(283

<1

*+1.1
+0.15
+0.7
+1.6
+0.9
+0.8
+0.17
+0.4
+1.0
+0.17
+0.4
+1.1
+0.14
+0.23

Radiative decays
(116 +£0.22 ) x 1075

3y
4y
5y
Y1(1S)
11e(15) — 3y
yata~ 270
ynmm
m2(1870) — ypxtx
yn(1405/1475) — YKKn
v1(1405/1475) — ~y7p°
vn(1405/1475) — ynat
~vn(1405/1475) — v~ ¢
Ypp
ypw
YpP
7 (958)
yorton~
~1,(1270) £,(1270) (non reso-
nant)
yKT K7t
~ £,(2050)
Yww
v1(1405/1475) — % p°
v £(1270)
f(1710) — yKK
vfy(1710) — 7w
v(1710) - yww
1 _
v (1420) — vKK~
£, (1285)
vf(1510) — yn7rtw
1,(1525)

o]

)
)
)
)
)
)
)
)
)
)
)
) X
)
)

x 1074
x 10—3
x 10~4
x 10~4
x 1074
x 1074
x 1074
x 10~4
x 1073
x 10—4
x 1075

x 10~4
x 10~4
x 1073
x 1076

<9 x 1076
< 15 x 1075
(17 +04 )%
(38 13 )x1076
(83 £31 )x1073
(61 +1.0 )x1073
(62 +24 )x1074
(28 +06 )x10~3
(78 +£20 )x107°
(30 +05 )x10~4
< 82 x 1073
(45 +£08 )x1073
< 54 x 10~4
< 88 x 1075
(515 £0.16 ) x 103
(28 +£05 )x1073
(95 +17 )x1074
(82 +19 )x1074
(21 +06 )x1073
(27 +07 )x1073
(1.61 £0.33 ) x 1073
(1.7 +04 )x1073
(143 £0.11 ) x 1073
(85 g3 )x1074
(40 +10 )x1074
(31 +10 )x10~4
( 1.104+0.034) x 103
(79 +13 )x104
(61 +08 )x104
(45 +12 )x1074
(45 07 )x1074

S=1.2
S=1.9
S=1.2

CL=95%

CL=90%
CL=90%
S=1.6

S=1.1

S=1.6
S=1.8

CL=95%

CL=90%
CL=90%
S=1.2
S=1.9

984
928
914
807
1074
950
876
1131
819
1468
1466
903
672
998
872
1542
1034
1466

1548
1548
1548

111

1518
1487

1223
1223

1340
1338
1258
1400
1517

879

1407

891
1336
1223
1286

1075

1500
1220
1283

1173



118

Meson Summary Table

v6(1640) — yww (28 +18 )x1074 -
vH(1910) - yww (20 +14 )x1074 -
~v1(1800) — Hyw¢ (25 +06 )x1074 -
~£(1950) — (70 +22 )x1074 -
v K*(892) K*(892)
vK*(892) K*(892) (40 +13 )x1073 1266
Yoo (40 +12 )x10™4 S=21 1166
PP (38 +1.0 )x10~4 1232
yn(2225) (33 +05 )x1074 749
yn(1760) — ~p°p° (1.3 +09 )x1074 1048
yn(1760) — yww (1.98 +£0.33 ) x 1073 -
vX(1835) — 7t a1y (26 +04 )x1074 1006
v X(1835) — ~4pp (77 35 )x1078 -
v X(1840) — ~3(nt ™) (24 fg; ) x 107 -
v(KK=) [JPC =0~ 1] (7 +4 )x10~? S=2.1 1442
0 (349 *533) <1075 1546
ypprta™ < 79 x 1074 CL=90% 1107
yAA < 13 x 1074 CL=90% 1074
v ;(2220) > 250 x1073  CL=99.9% 745
vf;(2220) — 7w (8 +4 )x107° -
vf1(2220) — YK K < 3.6 x 1072 -
vf;(2220) — ~vpp (15 +08 )x107° -
~15(1500) (1.0l 032 )x 104 1183
~A — ~invisible [ttaa] < 6.3 x 1076 CL=90% -
yAY — oyt [uvaa] < 2.1 x107° CL=90% -
Weak decays
D~ et e+ c.cC. < 12 x 1073 CL=90% 984
Doete™ + cc. < 11 x 1075 CL=90% 987
Dy et ve+ cc. < 36 x 1075 CL=90% 923
D=7t + cc. < 75 x 1075 CL=90% 977
DKo+ c.c. < 17 x 104 CL=90% 898
Dy nt+ cc < 13 x 1074 CL=90% 916
Charge conjugation (C), Parity (P),
Lepton Family number (LF) violating modes
vy <5 x 106 CL=90% 1548
et puF < 16 x10~7 CL=90% 1547
et ¥ < 83 x 106 CL=90% 1039
ptr ¥ < 20 x 106 CL=90% 1035
Other decays
invisible <7 x10~4 CL=90% -
xco(1P) 16(PC) =0t (0* )

Mass m = 3414.75 + 0.31 MeV
Full width ' = 10.5 4+ 0.6 MeV
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Scale factor/ p
Xco(1P) DECAY MODES Fraction (I';/T) Confidence level (MeVc)
Hadronic decays
2(rt ) (2.24+0.18) % 1679
POrtr (8.7 £2.8 )x 103 1607
15(980) f5(980) (6.5 +2.1 ) x 104 1391
ata— a7 (33 £0.4 )% 1680
ptr 7%+ cc. (2.8 £0.4 )% 1607
470 (32 £0.4 )x 1073 1681
Tt KtK— (1.7540.14) % 1580
K5(1430)0 K75(1430)0 — (96 32 ) x 1074 -
troKtK=
K3(1430)0K35(1430)°+ c.c. — (78 t13 ) x 1074 -
K1(1270)t K~ + c.c. — (6.1 +£1.9 ) x 1073 -
troKtK™
K1(1400)t K~ + c.c. — <26 x 103 CL=90% -
troKtK—
f,(980) f(980) (16 739 ) x 1074 1391
£,(980) 5(2200) (78 120 ) x 1074 584
fo(1370) f5(1370) <27 x 104 CL=90% 1019
fo(1370) fp(1500) <17 x 1074 CL=90% 920
f,(1370) £,(1710) (66 3% )x1074 721
f5(1500) fp(1370) <13 x 1074 CL=90% 920
f5(1500) £ (1500) <5 x 1075 CL=90% 805
fo(1500) fp(1710) <7 x 1073 CL=90% 557
KtK—ata—rx (1.11£0.26) % 1545
KtK— = (5.4 £0.9 ) x 103 1582
Kt~ KO70+ c.c. (2.44+0.33) % 1581
pt K=K+ c.c. (1.18+£0.21) % 1458
K*(892)~ Kt 70 — (45 +1.1 ) x 1073 -
KT~ KO0+ c.c.
KKQata™ (5.6 £1.0 ) x 1073 1579
KT K= nx? (3.0 £0.7 ) x 103 1468
3(ntn) (1.2040.18) % 1633
K+t K*(892)°7~ + c.c. (7.2 £16 ) x 1073 1523
K*(892)0 K*(892)° (1.7 £06 ) x 1073 1456
T (8.3340.35) x 10—3 1702
70n <18 x 1074 1661
70y <11 x 103 1570
nn (2.95+0.19) x 103 1617
nn' <23 x 1074 CL=90% 1521
n'n (1.9640.21) x 10—3 1413
ww (95 +1.1 ) x 1074 1517
wo (1.16+0.21) x 10~4 1447
Kt K~ (5.9140.32) x 10—3 1634
K% k? (3.10£0.18) x 10~3 1633
atr=n <19 x 104 CL=90% 1651
ata oy <35 x10~4 CL=90% 1560
KOK+t7m~ + c.c. <9 x 1075 CL=90% 1610
KtK— 70 <6 x 1075 CL=90% 1611

KTK™n <22 x 1074 CL=90% 1512
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KtK=KLKY (1.4 £05 ) x 10—3 1331
KTK=Kt K= (2.75+0.28) x 103 1333
KTK=¢ (95 £2.4 ) x 1074 1381
X0 (7.7 £0.7 ) x 1074 1370
pp (2.2540.09) x 10~4 1426
ppr° (6.8 +£0.7 ) x 1074 $5=13 1379
PPN (3.5 £0.4 ) x 104 1187
ppw (51 £0.6 ) x 1074 1043
pPd (59 £1.4 ) x 1075 876
pprt o~ (21 £0.7 ) x 1073 S=1.4 1320
pprl7f (1.024+0.27) x 10~3 1324
pp Kt K~ (non-resonant) (1.1940.26) x 10—4 890
pp K KY <88 x 104 CL=90% 884
pAT™ (1.24+0.11) x 1073 1376
pnrt (1.34£0.12) x 1073 1376
phin— 70 (2.29£0.21) x 1073 1321
pnrtal (216+0.18) x 1073 1321
AA (3.21£0.25) x 10~4 1292
Mzt a~ (1.15£0.13) x 10=3 1153

AAzt 7~ (non-resonant) <5 x 104 CL=90% 1153

> (1385)t An~ + c.c. <5 x 1074 CL=90% 1083

>(1385)" AnT + c.c. <5 x 1074 CL=90% 1083
KtpA+ cc. (1.2240.12) x 1073 S=13 1132
K+t pA(1520)+ c.c. (29 £0.7 ) x 1074 858
A(1520) A(1520) (31 +1.2 ) x 1074 779
x0¥0 (4.4 £0.4 )x 1074 1222
rty- (3.9 £0.7 ) x 1074 S=1.7 1225
X (1385)F £ (1385)~ (1.6 £0.6 ) x 1074 1001
> (1385)~ X (1385)* (23 406 )x 1074 1001
=0=0 (31 £0.8 ) x 1074 1089
===t (47 07 )x 1074 1081

Radiative decays

~vJ/¥(1S) (1.27+0.06) % 303
0 <9 x 1076 CL=90% 1619
Yw <8 x 1076 CL=90% 1618
v <6 x 1076 CL=90% 1555
vy (2.2340.13) x 10~4 1707

Xe1(1P) 16(PC) = ot t )

Mass m = 3510.66 & 0.07 MeV (S = 1.5)
Full width ' = 0.84 + 0.04 MeV
Scale factor/ p
X¢1(1P) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Hadronic decays

3(ataT) (58 +£1.4 )x1073 S=1.2 1683
2(nt77) (76 +26 )x1073 1728
atr= 070 (1.2240.16) % 1729

ptr=n04 cc (1.48+0.25) % 1658

POata— (3.9 £35)x 1073 1657
470 (55 +£08 )x10~4 1729
Tt Kt K™ (45 +1.0 )x1073 1632
K+ K= 7070 ( 1.1440.28) x 10~3 1634
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Kt~ KOx0+ c.c.
p~ KTKY+ cc.
K*(892)0 K070 —
Kt~ K70+ c.c.

K*(892)° K+ c.c.
K*(892)" K~ + c.c.
K*(1430)°K% + c.c. —
KiK*7~+ cc.
K*(1430)t K~ + c.c. —
KLK*tan~+ e
Kt K= =0
7]777L T

29(980) 7=+ cc. — natao

£(1270)n
T~ 7/’
70 £y(980) — 707t~
KT K*(892)°7~ + c.c.
K*(892)0 K*(892)0
Kt K= KYKY
KtK-KtK~
KtK=¢
ww
we
oz
pp
ppr°
ppn
ppw
ppo
pprt AT
pp K1 K~ (non-resonant)
PPKEKS
pnm
ﬁn‘n'+
pnmT
pnrt 0
AA
Axt 7~
AAnt 7~ (non-resonant)
>(1385)T An~ + c.c.
>(1385)" Ant + c.c.
KtpA
KT PA(1520)+ c.c.
A(1520) A(1520)
3030
rtr-
3 (1385)* X (1385)~
2313§5)*f(1385)+

0

<

<

(87 +1.4 )x10~3
(51 +1.2 )x1073
(24 £07 )x1073

1.1440.35) x 103

( )
(7.0 £3.0)
(3.2 +£1.0)
(7.1 +£06 )x1073
(1.0 04 )
(15 +07)

8

2.

2

< 18
(5.0 £1.9 )x 104
( 1.30£0.23) x 10~ 4

< 45

3.9 +05
4.0 £0.5

x 10—4
x 104

x 1073
x 1073
x 104 CL=90%

x 1073 CL=90%

1.8540.25) x 10—3

)
+05 ) x 1073
+0.6 ) x 1073
+0.8 ) x 1073
+05 ) x 1073
x 106
+2.1 ) x 1073
+0.4 ) x 1073
x10~4
+1.1 ) x 1074
+1.6 ) x 1074
+0.7 ) x 1074
+0.6 ) x 1073
+0.5 ) x 1074

CL=90%

CL=90%

7.7240.35) x 107
1.5940.19) x 10~4
1.4840.25) x 10~4
2.16+0.31) x 104

x 1073 CL=90%

x 10~4
x10~4
x10~4

CL=90%

1.0540.12) x 10~3

1.1640.12) x 10~4

3.0 £0.5
25 +0.6

( )
( )
( )
( 1.0340.12) x 10—3
( )
( )
( )

< 13
< 13

AN NN NNA
o o =

(42 +04 )x10~4

x10~4
x 10—4
x10~4
x 104

CL=90%
CL=90%
S=1.1

(1.7 £05 ) x1074

1.

4
6

0

0

x 1074
x 1075
x 1073
x10~4
x 1073
x 1075

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

1632
1514

1523
1630
1566
1661
1602
1602

1662
1701

1468
1612

1577
1512
1390
1393
1440
1571
1503
1429
1484
1438
1254
1117

962
1381

974

968
1435
1435
1383
1383
1355
1223
1223
1157
1157
1203

950

879
1288
1291
1081
1081
1163
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==t (82 £22)x1075 1155
ta™ + KtK™ < 21 x 1073 -
K% kS < 6 x 1075 CL=90% 1683
Radiative decays
~vJ/¥(1S) (339 £1.2)% 389
7 p° ( 2.2040.18) x 10~4 1670
Yw (6.9 +£0.8 )x 107> 1668
Yo (25 +£05 )x1075 1607
he(1P) 16PCY =271+ )

Mass m = 3525.38 + 0.11 MeV
Full width ' = 0.7 &+ 0.4 MeV

P
hc(1P) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
J/Y(AS) T not seen 312
pp < 15 x 1074 90% 1492
1c(18)y (51 +6 )% 500
atr= a0 < 22 x 1073 1749
2nton— 70 (22408 % 1716
3nt3n— 0 < 29 % 1661
Xxc2(1P) 16(UPC) =0t 2t )

Mass m = 3556.20 + 0.09 MeV
Full width ' = 1.93 + 0.11 MeV

Xc2(1P) DECAY MODES

p
Fraction (I';/T) Confidence level (MeV/c)

2(nt7T)

ata 7070
p+ a0+ cc.

470

Kt K= 7070

Kta= K70+ c.c.
p~KTKY+ cc.
K*(892)°K— 7t —

K= nt KO0+ cec.

K*(892)0K070 —

Kt7~KOx0 4+ cc.

K*(892)~ Ktx0 —

Ktnm~ KO0+ c.c.

K*(892)t KO7r— —

KTa~K%r0+ cc.

KtK=nn0
KtK—zntzn~
KtK—at a0

Kt K*(892)%7n~ + c.c.
K*(892)0 K*(892)°
3(rtaT)

¢

ww

Hadronic decays

( 1.07+0.10) % 1751
( 1.92+0.25) % 1752
(23 04 )% 1682
( 1.16+0.16) x 103 1752
(22 +£0.4 )x1073 1658
( 1.44+0.21) % 1657
(43 £13)x1073 1540

(31 +08)x1073 -
(4.0 £09 )x103 -
(3.9 £09 )x10~3 -

(31 +08 )x1073 -

1.3 +£05 ) x 1073 1549
(
(8.8 +1.0 )x10~3 1656
(1.23+0.34) % 1623

22 +1.1)x1073 1602
(

2.4 +£05)x1073 1538
(

86 +£1.8 )x 1073 1707
(

1.1240.10) x 10~ 1457
( ) 3

(88 +1.1 )x1074 1597



Meson Summary Table 123

T ( 2.3340.12) x 1073 1773
POrta (3.8 £1.6 )x 103 1682
atr n (50 £1.3 )x 1074 1724
ata ny (52 +£1.9 )x 104 1636
nn (5.7 +05)x1074 1692
Kt K~ ( 1.0540.07) x 10~3 1708
K2 K (55 +0.4 )x10~4 1707
KOK+tr~+ c.c. (1.34+0.19) x 103 1685
KtK=70 (32 +08 )x10~4 1686
KTK™n < 34 x 1074 90% 1592
nn' < 6 x 1072 90% 1600
n'n < 1.0 x 104 90% 1498
ta” KS kS (2.3 +£0.6 )x 103 1655
KT K= KYKY < 4 x10—4 90% 1418
KtK=KtK~ ( 1.73+£0.21) x 103 1421
KtK=¢ ( 1.4840.31) x 1073 1468
PP (75 +04 )x1073 1510
ppr? (4.9 +£04 )x 1074 1465
PPN (1.8240.26) x 10—4 1285
pPPw (38 +05)x10~4 1152
PO (2.9 409 )x1073 1002
pprta~ ( 1.3240.34) x 1073 1410
pprlnl (82 +25)x10~4 1414
pP K+ K~ (non-resonant) ( 2.0040.34) x 10~4 1013
ppKS K < 79 x 10~4 90% 1007
pAT™ (89 +1.0 )x1074 1463
pnrt (9.3 £09 )x 1074 1463
par— 70 (2.2740.19) x 103 1411
pnrt a0 (2.2140.20) x 1073 1411
AA ( 1.9240.16) x 10~4 1385
At g~ ( 1.3140.17) x 10~3 1255
AA=+ 7~ (non-resonant) (6.9 +1.6 ) x 1074 1255
X (1385) An~ + c.c. < 4 x 1074 90% 1192

X (1385)" Ant + c.c. <6 x 1074 90% 1192
KtpA + cc. (81 +£06 )x10~4 1236
KT PA(1520)+ c.c. (2.9 £07 )x 1074 992
A(1520)/(1520) (48 +15)x1074 923
F0¥0 <6 x 1075 90% 1319
>ty- <7 x 1075 90% 1322
> (1385)* X (1385)~ < 16 x10—4 90% 1118
5 (1385)~ X (1385)" < 8 x 1075 90% 1118
z0=0 < 11 x10~4 90% 1197
== (1.4840.33) x 104 1189
J/p(1S)nt 20 < 15 % 90% 185
ne(1S) 7t n~ < 22 % 90% 459

Radiative decays

vJ/¥(1S) (19.2 £0.7 ) % 430
v p° < 20 x 1075 90% 1694
Tw < 6 x 1076 90% 1692
yé < 8 x 1076 90% 1632
vy (2.74+0.14) x 1074 1778
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nc(2S)

Quantum numbers are quark model predictions.

Mass m = 3639.4 + 1.3 MeV (S =1.2)
Full width I = 11.3%32 MeV

n¢(2S) DECAY MODES

Fraction (I';/T)

P
Confidence level (MeV/c)

hadrons not seen -
KKnm (1.9%12) % 1730
ontom™ not seen 1793
po po not seen 1646
3rt3r~ not seen 1750
KtK—ztza~ not seen 1701
K*OK*0 not seen 1586
KtK=nta— a0 (1.4+1.0) % 1668
KtK—2rt2n— not seen 1628
K%K‘2ﬂ+7r_+ c.C. seen 1667
2Kt 2K~ not seen 1471
[030) not seen 1507
pp < 20 x 1073 90% 1559
vy (1.9+1.3) x 1074 1820
atn— n not seen 1767
atr—n not seen 1681
KTK=n not seen 1638
7t a7 ne(1S) <25 % 90% 539
$(25) 0P =01 )

Mass m = 3686.109 " 3-912 Mev
Full width [ = 299 + 8 keV
lee = 2.36 £ 0.04 keV

Scale factor/ p

v¥(2S) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)

hadrons (97.85 +£0.13 ) % -
virtualy — hadrons (1.73 £0.14 )% S=1.5 -
ggg (10.6 +1.6 )% -
v88 (1.03 £0.29 )% -
light hadrons (154 £15 )% -
ete~ (7.89 £0.17 ) x 103 1843
whp= (79 409 )x1073 1840
rrr (31 +04 )x10-3 490
Decays into J/+(1S) and anything
J/9(1S)anything (60.9 +£06 )% -
J/v(1S) neutrals (25.10 +0.33 ) % -
J/w(AS)ntn~ (34.45 £0.30 ) % 477
J/p(1S) w070 (18.13 +0.31 ) % 481
J/¥(1S)n (13.36 £0.05 ) % 199
J/9(18) 70 ( 1.268+0.032) x 103 528
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Hadronic decays

70 he(1P) (86 +13 )x107% 85
3(rt )0 (35 +16 )x1073 1746
2rt 7 )0 (29 1.0 )x1073  s=47 1799
par(1320) (26 +09 )x1074 1500
PP (280 +0.11 )x 10~4 1586
At AT (1.28 £0.35 )x 1074 1371
AARO < 29 x1076  CL=90% 1412
NAn (25 +£04 )x1075 1197
ApKT (1.00 +£0.14 ) x 104 1327
ApKtat ™ (1.8 +04 )x10—4 1167
Mzt x~ (28 +06 )x1074 1346
AA (28 +05 )x1074 S=2.6 1467
ATt~ 4 cc. (140 £0.13 ) x 1074 1376
AL~ at 4 cc (154 £0.14 ) x 1074 1379
SO05K* + coc. (1.67 £0.18 ) x 1075 1291
sty- (26 +08 )x1074 1408
y050 (22 +04 )x10~% S=15 1405
5 (1385)* X (1385)~ (11 +04 )x1074 1218
==t (1.8 +06 )x1074 5=2.8 1284
z0=0 (28 +09 )x10~% 1292
Z(1530)° =(1530)° (52 T32 )x1075 1025
n-0t < 73 x107%  CL=90% 774
w0 pp (153 £0.07 ) x 104 1543
N(940)P+ c.c. — n0pp (64 T18 yx10-5 -
N(1440)p+ c.c. — 7°pp (73 TH yx108 5=2.5 -
N(1520)p+ c.c. — 7%pp (6.4 f%g ) x 1076 -
N(1535)p+ c.c. — 70pp (25 +10 )x10~5 -
N(1650)p+ c.c. — 7%pp (38 TH )x1w0® -
N(1720)p+ c.c. — 7%pp (179 T9-28 ) <1075 -
N(2300)p+ c.c. — 7%pp (26 F12 yx10°5 -
N(2570)p+ c.c. — 7%pp (213 1030y 1075 -
70 £(2100) — 7%pp (11 +04 )x1075 -
npp (6.0 +04 )x107° 1373
nf(2100) — npp (12 +04 )x107° -
N(1535)p — npp (44 +07 )x107° -
wpp (6.9 +21 )x107° 1247
opp < 24 x107%  CL=90% 1109
rtr~pp (60 +04 )x10—4 1491
pATor C.C. (248 +0.17 )x 1074 -
par— 70 (32 +07 )x10~4 1492
2(xt = x0) (47 +15 )x1073 1776
nrt < 16 x1074  CL=90% 1791
natr a0 (95 +17 )x10~% 1778
2znt 77 )n (12 +06 )x1073 1758
yata a0 (45 +21 )x10~4 1692
wrta™ (73 +12 )x10~4 s=2.1 1748
b T (40 +06 )x104 S=1.1 1635
b9 70 (24 +06 )x10~% -
wh(1270) (22 +04 )x1074 1515
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atr Kt K~
KK
K*(892)° K3(1430)°
KtK=—nta=n
KtK=2(xt 77 )a0
KTK=2(zt77)
Kq(1270)* KF
KsKsmtn
p_pP
KTK*(892)%7~ + c.c.
2(nt )
p07r+7r7
KtK-atr— 0
wfy(1710) » wKt K~
K*(892)°K—nt a0 + cc.
K*(892)T K—nt7n™ + cc.
K*(892)T K= p% + c.c.
K*(892)° K~ pt + c.c.
nKTK=,nono
wKt K~
wK*(892)t K~ + c.c.
wK3(1430)T K~ + c.c.
wK*(892)° KO
wK3(1430)0 KO
wX(1440) — wKIK~ 7t + cc.
wX(1440) — wKt K70
wf(1285) — wKOSK’TWLJr c.C.
wf(1285) —» wKT K70
3(ataT)

pprta~ 0

p(2150)7 — wt a7

p(770)7 — 7t 7 a0
rta~
Ky (1400)* KT
K3(1430)t KT
K+K=m0

K+ K*(892)~ + c.c.
K*(892)° KO+ c.c.
onta~

#1(980) — 7t w~

(75
(22
(19
(13
( 1.00
(19
( 1.00
(22
(5.0
(67
(24
(22
(1.26
(59
(86
(9.6
(73
(6.1
(31
(185
( 2.07
(61
(168
(5.8
(16
( 1.09
(3.0
(12
(35
(73
(71
( 5.34
(2.01

(19

(32
(78
< 31

(71

( 4.07
(29
( 1.09
(117
(6.8
(6.0
(7.0
(110
(3.10
(3.1

(32
(21
(19
(22

+0.9
+0.4
+0.5
+0.7
+0.31
+0.9
+0.28
+0.4
+2.2
+2.5
+0.6
+0.6
+0.09
+2.2
+2.2
+2.8
+2.6
+1.8
+0.4
+0.25
+0.26
+1.2
+0.30
+£2.2
+0.4
+0.26
+1.0
+0.7
+2.0
+0.7
+0.5
+0.33
+0.17

+1.2
04

+1.2
+2.6

+1.3
-0.9

+0.31
+0.4
+0.20
+0.29
+2.4
+1.4
+1.6
+0.28
+0.31
+1.6
+2.5
-21
+0.6
+1.7
—-1.2
+0.6

) x 10~4
yx 1074
) x 104
yx 1073
yx 1073
) x 103
) x 1073
)y x 104
) x 1073
) x 104
) x 10~4
yx 104
) x 1073
) x 1075
) x 104
) x 104
yx 104
) x 1074
) x 1079
) x 104
) x 104
) x 1073
) x 1074
) x 1070
) x 1073
) x 1075
) x 106
) x 10-6
) x 10~4
yx 104
) x 1073
) x 1075
) x 104

$=2.2
S=1.4

) x 104
) x 107°
) x 106

x 1074

S=1.8

CL=90%
) x 107°
) x 1075
) x 1073
yx 104
) x 1074
) x 1075
) x 1073
) x 1075
) x 10~4
) x 107
) x 1073

S=1.2

S=1.7
S=1.1

) x 1073
) x 1075
)x 1072

) x 1073 S=1.1
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wn

¢m°

N ata— 70

PPKt K™

AnK%+ cc.

¢ F(1525)

©(1540) ©(1540) —
KYipK~T+ cc.

O(1540)K~ 1 — KipK~n
(1540)K%p — KIpK*n
(1540)K*n — KIpK*n
(1540)K%p — KLpK~n

o
o
Ic]
KSKS

¥ xco(1P)

YXc1(1P)

Yxc2(1P)

“/77c(15)

Y1c(25)

y®

v7(958)

~ £,(1270)
vH(1710) — 7w
vf(1710) — yKK

ok

1

ynatao

vn(1405) - vKKm

yn(1405) — nrtx
yn(1475) — KKn
yn(1475) — nrtw
y2(rt 7))
YK OK*T 1~ + cc.
'VK*O K*0
YKIKT 7=+ cc
yKTK—ntn~
PP
71(1950) — ~vpp
7£(2150) — ypp
X (1835) — vpp

yX — vpP
yrtn~ pp
Y2rT AT )KT K=
y3(rt 7))
YKtK- KT K~

¥y I/

invisible

< 11
< 4
< 1.0
(27
(81
(44
< 88

1.0
7.0
2.6
6.0
< 46

VANVANRVANRWAN

Radiative decays

(9.9

[wvaa] < 2
(28
< 22
< 17

< 4

(3.1

Other decays
< 16

x 1075
x 107
x 1073
+0.7 )x 1075
+1.8 )x107°
+16 )x 107>
x 106

x 1072
x 1076
x 1075
x 1076
x 1076

+0.27 ) %
+0.31 ) %
+0.31 ) %
+05 )x 1073
+5 )x1074
+04 )x 1076
+0.06 ) x 1074
+04 )x 1074
+13 )x107°
+16 )x107°
x 10~4
+05 )x 1076
+21 )x 1074
x 1072
+25 )x 107>
x 104
x 1075
+0.6 )x1074
+09 )x1074
+0.7 )x 1074
+05 )x1074
+05 )x1074
+05 ) x 1073
+0.22 ) x 107°
+1.8 )x 107

18 yx10-6

x 1070
+14 )x 1072
x 10~4
x 1074
x 1075

19 yx104

%

CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

CL=90%

CL=90%

CL=90%
CL=90%

S$=2.0

CL=90%
CL=90%

CL=90%
CL=90%

CL=90%

1715
1699

1118
1324
1321

261
171
128
636
46
1841
1719
1623

1843
1802
1791
1569

1817
1674
1613
1753
1726
1586

1491
1654
1774
1499

542
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$(3770)

1I6(JPCy =01 )

Mass m = 3773.15 + 0.33 MeV
Full width ' = 27.2 + 1.0 MeV
Mee = 0.262 4+ 0.018 keV (S = 1.4)

In addition to the dominant decay mode to D D, +(3770) was found to decay
into the final states containing the J/v (BAI 05, ADAM 06). ADAMS 06 and
HUANG 06A searched for various decay modes with light hadrons and found a
statistically significant signal for the decay to ¢n only (ADAMS 06).

Scale factor/ p

v(3770) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
DD 3 8% 5=2.0 286

pODO (52 £5 )% $=2.0 286

DT D~ (41 £4 )% $=2.0 252
J/yrtr (1.93+0.28) x 103 560
J/pm0 70 (80 +£3.0)x1074 564
J/vn (9 +4 )x104 360
J/pm0 < 28 x1074  CL=90% 603
ete” (96 +0.7 ) x10~6 s=13 1887

Decays to light hadrons

by (1235) 7 < 14 x 1075 CL=90% 1683
on' <7 x10~4 CL=90% 1607
wn < 4 x 1074 CL=90% 1672
oo < 6 x10=4  CL=90% 1674
on (31 £07 )x10~4 1703
wn < 14 x 1075 CL=90% 1762
On <5 x10=4  CL=90% 1764
¢ <3 x1075  CL=90% 1746
wn® < 6 x1074  CL=90% 1803
at a0 <5 x1076  CL=00% 1874

pT <5 x 1076 CL=90% 1804
K*(892)T K~ + c.c. < 14 x 1073 CL=90% 1745
K*(892)° KO+ c.c. < 12 x1073  CL=90% 1744
KLK9 < 12 x1075  CL=90% 1820
2zt ) < 112 x 1073 CL=90% 1861
2t )70 < 1.06 x1073  CL=90% 1843
2(rt 7 70) < 585 % CL=90% 1821

wrta™ < 6.0 x 1074 CL=90% 1794
3(rt ) < 91 x 1073 1819
3(ntam) 70 < 137 % 1792
3(nt ) 270 <1174 % CL=90% 1760
nrta~ < 124 x 1073 CL=90% 1836
atr= 270 < 89 x1073  CL=90% 1862
POrta < 69 x1073  CL=90% 1796
n3m < 1.34 x 1073 CL=90% 1824
n2(rt ) < 243 % 1804

npPatw < 145 % CL=90% 1708
7' 3m < 244 x 1073 CL=90% 1740
KTK=nt7n— < 9.0 x10~4 CL=90% 1772

prt o~ < 41 x 104 CL=90% 1737
Kt K= 270 < 42 x1073  CL=90% 1774
4rt ) < 167 % CL=90% 1757
4(rta=)n0 < 3.06 % CL=90% 1720
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¢ 1, (980) < 45 x 1074 CL=90% 1597
KTK atr a0 < 236 x 103 CL=90% 1741
KtK=p0n0 < 8 x10=%  CL=90% 1624
KTK=ptn < 146 % CL=90% 1622
wKTK~ < 34 x10~4 CL=90% 1664
¢rta— a0 < 38 x1073  CL=90% 1722
KoK= at2%+ cc < 162 % CL=90% 1693
K*TK-nt1~+ cc < 323 % CL=90% 1692
?i ﬁ: ;r(+ 7Jrr* 2_7r° < 267 % CL=90% 1705
pip 2(7T+7r ) . < 1.03 % CL=90% 1702
ntn)w < 3.60 % CL=90% 1660

nKt K~ < 41 x 1074 CL=90% 1712
r;OK+ K—ntn < 1.24 % CL=90% 1624
p K;r K: < 5.0 x 1073 CL=90% 1665
;([é [((_) < 6.0 x 10*2 CL=90% 1552
SRy < 75 x 1074 CL:9OZA7 1598
AN < 29 x 10_3 CL=90% 1493
pUS. < 32 x 10_3 CL=90% 1425
sk < 32 x 10 CL=90% 1799
K05 K, 7r+ T < 1.33 % CL=90% 1773
KOS K_ p L < 66 x 1073 CL=90% 1664
KOS K, 27Jrr Z)r < 87 x 1073 CL=90% 1739
KOS K, 7T+p < 16 % CL=90% 1621
K05 K_ﬂ' j o < 13 % CL=90% 1669
KOSK727T+ T < 418 % CL=90% 1703
KOS K, 27Jrr T +77 - < 48 % CL=90% 1570
K05 K, 7r+2(7(r) ) < 122 % CL=90% 1658
K05 K, s +27r7 . < 265 % CL=90% 1742
K05 K_ K+ K_7r+ . < 49 x 1073 CL=90% 1490
KOSK, K+ K7 7r+7r < 3.0 % CL=90% 1427
KfoK 7K+K T < 22 % CL=90% 1214
K_ {J( 7T+ c.c. < 97 x 1073 CL=90% 1722
ppT < 1.2 x 1073 1595
pprta < 58 x 10—4 CL=90% 1544
AA < 1.2 x10~4 CL=90% 1521
pprtr— a0 < 185 x1073  CL=90% 1490
wpp < 29 x 104 CL=90% 1309
AA7D < 7 x 1075 CL=90% 1469
pp2(rt ) < 26 x 1073 CL=90% 1425
npp < 5.4 x 104 CL=90% 1430
né)ﬁlr““ 7 < 33 x 1073 CL=90% 1284
P’ pp < 17 x 1073 CL=90% 1313
pPPKT K~ < 32 x10~4 CL=90% 1185
nppKT K~ < 69 x 1073 CL=90% 736
O ppKt K™ < 12 x 103 CL=90% 1093
opp < 13 x 1074 CL=90% 1178
AAnt o~ < 25 x 104 CL=90% 1405
ApKT < 28 x 104 CL=90% 1387
ApKTrto < 63 x10~4 CL=90% 1234
AAn < 19 x 104 CL=90% 1262
}__;_XO* < 1.0 x10~4 CL=90% 1464
{+X=7 < 4 x 1073 CL=90% 1462
== < 15 x 104 CL=90% -
=020 < 14 x 10~4 CL=90% 1353



130 Meson Summary Table

Radiative decays

VX2 <9 x 1074 CL=90% 211
YXel (29 £06 )x103 253
YXco (73 £09 )x103 341
v < 18 x 104 CL=90% 1765
n < 15 x 1074 CL=90% 1847
0 < 2 x10~4  CL=90% 1884
X(3872) 1G(UPCY = ot ++)
Mass m = 3871.69 £ 0.17 MeV
mx(3872) — m_//,w =775 £+ 4 MeV
Mx (3872) — My (25)
Full width I < 1.2 MeV, CL = 90%
X(3872) DECAY MODES Fraction (I';/T) p (MeVjc)
ata= J/p(1S) > 2.6% 650
wJ/P(1S) >19% f
DO D070 >32 % 117
D*0po >24 % 1
yJ /b >6 x1073 697
Y(2S) [xxaa] > 3.0% 181
7t r7n(1S) not seen 746
pp not seen 1693
X(3900)* 1Py =20
Mass m = 3888.7 + 3.4 MeV (S =1.3)
Full width I' = 35 £ 7 MeV
X(3900)% DECAY MODES Fraction (I';/T) p (MeVjc)
J/pmE seen 700
hcf not seen -
(DD*):t seen —
xco(2P) G(PCy _ g+ (g++
[7(J7-) =07 (0" T)
was X(3915)
Mass m = 3918.4 + 1.9 MeV
Full width T = 20 + 5 MeV (S = 1.1)
Xco(2P) DECAY MODES Fraction (I';/T) p (MeVjc)
wd /Y seen 222
7T+_7T7 nc(1S) not seen 785
KK not seen -
Yy seen 1959
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XC2(2P) IG(JPC) :0+(2++)

Mass m = 3927.2 + 2.6 MeV
Full width ' = 24 4+ 6 MeV

Xc2(2P) DECAY MODES Fraction (I';/T) p (MeV/c)
7Y seen 1964
DD seen 615
D+_D’ seen 600
DODY seen 615
7t 77 ne(15) not seen 792
KK not seen 1901
1(4040) 723l 6P =0=(177)

Mass m = 4039 + 1 MeV
Full width ' = 80 4+ 10 MeV
lee = 0.86 £ 0.07 keV

Due to the complexity of the cC threshold region, in this listing, “seen” (“not
seen”) means that a cross section for the mode in question has been measured
at effective /s near this particle’s central mass value, more (less) than 20 above
zero, without regard to any peaking behavior in /s or absence thereof. See
mode listing(s) for details and references.

1(4040) DECAY MODES Fraction (I';/T) Confidence level (M‘e)V/c)
ete™ (1.074£0.16) x 1075 2019
DD seen 775
pODO seen 775
Dt D~ seen 764
D*D+ c.c. seen 569
D*(2007)° D% + c.c. seen 575
D*(2010)* D~ + c.c. seen 561
D* D* seen 193
D*(2007)° D*(2007)° seen 225
D*(2010)* D*(2010)~ seen 193
DOD~ 7t +c.c. (excl. not seen -

D*(2007)°D° +c.c.,
D*(2010)* D~ +c.c.)

DD* 7 (excl. D*D*) not seen -

DPD* 7t +c.c. (excl. seen -
D*(2010)* D*(2010)7)

D;L Dy seen 452
J/pmta~ <4 x 1073 90% 794
J/pm0n0 <2 x 1073 90% 797
J/yn (5.2 0.7 ) x10~3 675
J/pr0 <28 x 104 90% 823
Jjprt a0 <2 x 1073 90% 746

X1 <11 % 90% 494

Xc2Y <17 % 90% 454

xartr— a0 <11 % 90% 306

xcomt a0 <32 % 90% 233

he(1P)nt 7= <3 x 1073 90% 403

prt o <3 x10~3 90% 1880
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<29 x 104 20% 1578
<9 x 1075 20% 1636
<30 x 104 90% 1452
<13 x 10~4 90% 1632
<7 x 1075 20% 1630
<16 x 104 90% -
<18 x 104 90% 1533
1¥(4160) 722 16UPCY =01 )

Mass m = 4191 + 5 MeV
Full width ' = 70 &+ 10 MeV
[ee = 0.48 £ 0.22 keV

Due to the complexity of the ¢ threshold region, in this listing, “seen” (“not
seen”) means that a cross section for the mode in question has been measured
at effective /s near this particle’s central mass value, more (less) than 2o above
zero, without regard to any peaking behavior in /s or absence thereof. See
mode listing(s) for details and references.

v(4160) DECAY MODES Fraction (I';/T) Confidence level (Msv/c)
ete™ (6.943.3) x 10~6 2096
u‘*’ wo seen 2093
DD seen 956
DODO seen 956
Dt D~ seen 947
D*D+ c.c. seen 798
D*(2007)°D° + c.c. seen 802
D*(2010)* D~ + c.c. seen 792
D* D* seen 592
D*(2007)° D*(2007)° seen 603
D*(2010)* D*(2010)~ seen 592

DOD~ 7t 4c.c. (excl. D*(2007)°D°  not seen -
+c.c., D*(2010)* D~ +c.c.)

DD*n+c.c. (excl. D*D¥) seen -
DO D*~ 7t +c.c. (excl. not seen -
D*(2010)* D*(2010)7)
D;’ Dy not seen 720
D:Jr Dy +c.c. seen 385
J/prt <3 x 10~3 90% 919
J/pm0 70 <3 x 1073 90% 922
J/KY K= <2 x 1073 90% 407
J/vn <8 x 1073 90% 821
J/pm0 <1 x 1073 90% 944
J/n <5 x 1073 90% 457
Jpprt a0 <1 x 1073 90% 879
P(2S)nt 7~ <4 x 10~3 90% 39
Xe1Y <7 x 1073 90% 625
Xc2Y <13 % 90% 587
Xaantr™ 7 <2 x 1073 90% 496
Xeortr <8 x 1073 90% 445
he(1P)mt m~ <5 x 10~3 90% 556
he(1P) 7070 <2 x 1073 90% 560
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he(1P)n <2 x 1073 90% 348
he(1P) 0 <4 x 1074 90% 600
¢t <2 x 1073 90% 1961
X(4260) 16(JPCy =271 )
Mass m = 4251 + 9 MeV (S = 1.6)
Full width T =120 +£ 12 MeV (S =1.1)
X(4260) DECAY MODES Fraction (I';/T) p (MeVc)
J/prt o~ seen 967

J/11(980), £(980) — 7T 7~  seen -

X(3900)t 7 F, X+ - J/yrt seen -
J/p 7070 seen 969
J/Yp KT K= seen 512
X(3872)~ seen 363
J/vn not seen 876
J/ 70 not seen 991
J/on not seen 552
J/pata= a0 not seen 930
J/bnn not seen 311
P(S)nt 7~ not seen 459
P(2S)n not seen 129
Xcow not seen 265
Xc17Y not seen 676
Xc27Y not seen 638
e not seen 560
X2 T not seen 512
he(LP)rt 7~ not seen 613
prt not seen 1993

¢£(980) — ot not seen -
DD not seen 1020

pODO not seen 1020

Dt D~ not seen 1011
D*D +c.c. not seen 887

D*(2007)° DO +c.c. not seen -

D*(2010)* D~ +c.c. not seen -
D*D* not seen 691

D*(2007)% D*(2007)° not seen 700

D*(2010)* D*(2010)~ not seen 691

DOD~ 7t tc.c. (excl. not seen -

D*(2007)°D*0 +c.c.,

D*(2010)* D~ +c.c.)
DD*r+c.c. (excl. D*D*) not seen 723
DO D*~ 7t 4c.c. (excl. not seen -

D*(2010)* D*(2010)7)

DO D*(2010)~ nt +c.c. not seen 716
D*D*r not seen 449
D;’ Dy not seen 803
D;"" D, +c.c. not seen 615
D:"’ D;‘f not seen 239
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not seen 1907

K% KEnF not seen 2048

K+ K= 70 not seen 2049
X (4360) 1GUPCY =771 — )

X(4360) MASS = 4361 + 13 MeV
X(4360) WIDTH = 74 + 18 MeV

X(4360) DECAY MODES Fraction (I;/T) p (Mevjc)
(2S)nmt seen 567
1(4415) 1radl 16UPC =0~ )

Mass m = 4421 + 4 MeV
Full width ' = 62 4+ 20 MeV
[ee = 0.58 £ 0.07 keV

Due to the complexity of the ¢ threshold region, in this listing, “seen” (“not
seen”) means that a cross section for the mode in question has been measured
at effective /s near this particle’s central mass value, more (less) than 20 above
zero, without regard to any peaking behavior in /s or absence thereof. See
mode listing(s) for details and references.

1(4415) DECAY MODES Fraction (I';/T) Confidence level (MZV/C)
DD not seen 1187
DODO seen 1187
Dt D~ seen 1179
D*D+ c.c. not seen 1063
D*(2007)° D0 + c.c. seen 1066
D*(2010)* D~ + c.c. seen 1059
D*D* not seen 919
D*(2007)° D*(2007)° + c.c. seen 927
D*(2010)* D*(2010)~ + c.c. seen 919
DO D~ 7t (excl. D*(2007)°D° < 23 % 90% -
+c.c., D*(2010)* D~ +c.c.
D D3(2460) — DOD~ nt +c.c. (10 +4 )% -
DOD*= 7t 4cc. <11 % 90% 926
D;’ Dy not seen 1006
D:Jr Dy +c.c. seen -
D:+ sz not seen 652
J/vn < 6 x 1073 90% 1022
ete™ (9.4£32) x106 2210
X (4660) 16(PCY =271 — )

X(4660) MASS = 4664 + 12 MeV
X(4660) WIDTH = 48 + 15 MeV

X(4660) DECAY MODES Fraction (I';/T) p (MeVc)
Pp(2S)nt 7~ seen 838
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bb MESONS

T(15)

16UPGY =01~ )

Mass m = 9460.30 £+ 0.26 MeV (S = 3.3)
Full width ' = 54.02 £+ 1.25 keV
Mee = 1.340 & 0.018 keV

P
T(1S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
- (260 £0.10 )% 4384
ete™ (238 £0.11)% 4730
utp~ (248 +£0.05 )% 4729
Hadronic decays
888 (81.7 +0.7 )% -
188

n'(958) anything
J/1¥(1S) anything
Xco anything

Xc1 anything

Xc2 anything

¥(2S) anything

p

u)ﬂ'O

T~

KTK=

pp

ata— 70

PKT K~

wrta~

K*(892)° K~ =t + c.c.
¢ (1525)

wf,(1270)

p(770) ap(1320)
K*(892)0 K3(1430)° + c.c.
K1(1270)* KT
K1(1400)* KF

by (1235)% 7 ¥

ata= 7070
KeK*7~+ cc.
K*(892)° KO+ c.c.
K*(892)" Kt + c.c.
D*(2010)* anything
d anything

Sum of 100 exclusive modes

(22 +06 )% -
(294 +£0.24 )% -
(65 +07 )x1074 4223
<5 x 1073 90% -
(23 407 )x1074 -
(34 +10 )x1074 -
(27 +09 )x1074 -

< 368 x 1076 90% 4697
< 3.90 x 1076 90% 4697
<5 x 10~4 90% 4728
<5 x 104 90% 4704
<5 x 104 90% 4636
(21 +08 )x1076 4725
(24 +05 )x107© 4622
(45 +1.0 )x1076 4694
(44 +08 )x1076 4667
< 163 x 1076 90% 4549
< 1.79 x 1076 90% 4611
< 224 x 1076 0% 4605
(30 +08 )x1076 4579
< 241 x 1076 90% 4631
(1.0 +04 )x107° 4613
< 1.25 x 1076 90% 4649
(1.28 +0.30 ) x 1079 4720
(1.6 +04 )x1076 4696
(29 +09 )x1076 4675
< 111 x 106 90% 4675

(252 £0.20 )% -
(286 +0.28 ) x 1075 -
( 1.200+0.017) % -

Radiative decays

(63 +£1.8 )x107° 4728

(1.7 407 )x10~° 4728

< 24 x 106 90% 4713

[zzaa] ( 1.14 +0.13 ) x 1073 4704
[aabb] < 6 x 106 90% 4636
(70 +15 )x1074 4720
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~3ht3h~ (54 +£20 )x10~4
~4ht4h— (74 £35 )x1074
yrt T KT K™ (29 +09 )x10~4
yortom~ (25 +09 )x10~4
~3rt 3n~ (25 +12 )x1074
yorton~ KT K= (24 +12 )x1074
~yrtan~ pp (15 +06 )x1074
727r+ 27~ pp (4 +6 )x107°
y2K+T 2K~ (20 +20 )x107°
yn'(958) < 19 x 1076
yn < 1.0 x 1076
~1(980) <3 X107
£, (1525) (38 +09 )x107°
~1(1270) ( 1.01 £0.09 ) x 104
~n(1405) < 82 x 1072
~f5(1500) < 15 x 1072
~f(1710) < 26 x 1074
Yf(1710) — YK+ K~ <7 x 1076
fy(1710) — 7070 < 14 x 1076
vf(1710) — ynn < 18 x 1076
~12(2050) < 53 x 1075
7(2200) — YKt K~ < 2 x 1074
7£(2220) — yKT K~ < 8 x 1077
vfy(2220) — yata~ < 6 x 107
~vf;(2220) — ~vpP < 11 x 1076
vn(2225) — o < 3 x 1073
vnc(1S) < 5.7 x 1075
YXco < 65 x 1074
YXel < 23 x 1073
X2 < 76 x 106
vX(3872) — wta=J/y < 16 x 1076
yX(3872) — wtr—x0J/4 < 2.8 x 1076
YXc0(2P) — wd /i < 3.0 x 1076
Y X(4140) — ¢J /¢ < 22 x 1076
v X [bbbb] < 4.5 x 1076
XX (mx < 3.1 GeV) [ccbb] < 1 x 1073
XX (mx < 4.5 GeV) [ddbb] < 2.4 x 10—4
X — v+ > 4 prongs [eebb] < 1.78 x 10~4
yal — yutps [fiob] < 9 x 1076
va(l) — yrtTr™ [zzaa] < 1.30 x10~4
va — veg [ggbb] < 1 %
yal — 453 lggbb] < 1 x 1073
Lepton Family number (LF) violating modes
e LF < 6.0 x 1076
Other decays
invisible < 30 x 1074

90%
90%
90%

90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
95%
90%
90%
90%
90%

95%

90%

4563
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xeo(1P) 172

IG(JPC) — 0+(0++)
J needs confirmation.

Mass m = 9859.44 + 0.42 + 0.31 MeV

Xpo(1P) DECAY MODES Fraction (I';/T) Confidence level (MsV/c)
v T(1S) (1.76+0.35) % 391
DX < 10.4 % 90% -
atar  KtK— a0 < 16 x 10~4 90% 4875
2rt ™ K= KY <5 x 1075 90% 4875
2rt = K~ K% 2x0 <5 x10~4 90% 4846
2t 27— 270 < 21 x10~4 90% 4905
ontor~ Kt K= (1.1 £06 )x10~4 4861
2rton~ Kt K= =0 < 27 x 10~4 90% 4846
ot o= Kt K270 <5 x 10~4 90% 4828
3rton= K= Ka0 < 16 x 10—4 90% 4827
3nt3n~ < 8 x 105 90% 4904
37t 37~ 270 < 6 x10~4 90% 4881
3rt3r~ KT K™ (24 £12)x1074 4827
3rt3r~ Kt K= 70 < 10 x 103 90% 4808
dnt4r— < 8 x 1073 90% 4880
artag— 270 < 21 x 1073 90% 4850
J/pd )y < 7 x 1072 90% 3836
J/9(2S) < 12 x 1074 90% 3571
$(25)(2S) < 31 x 1073 90% 3273

Xbl(lP) [hhbb]

IG(JPC) — 0+(1 + +)
J needs confirmation.

Mass m = 9892.78 + 0.26 + 0.31 MeV

Xp1 (1P) DECAY MODES Fraction (I';/T) Confidence level (MZV/C)
v T(1S) (33.9£2.2) % 423
DOX (12.6£2.2) % -
atr Ktk 70 ( 2.0+£0.6) x 10~4 4892
ortn” K= KS ( 1.3£0.5) x 10~4 4892
27t 7 K~ K2 2n0 < 6 x 104 90% 4863
21t 27~ 270 ( 8.0+£2.5) x 10~4 4921
ontor~ Kt K™ (15+05) x 1074 4878
2t on= Kt K= 0 (3.5+1.2) x 10~4 4863
2rton= Kt K= 2790 (8.6£3.2) x 10~4 4845
3rton~ K~ K%n0 ( 9.3£3.3) x 10~4 4844
3rt3n~ ( 1.940.6) x 1074 4921
3rt3n 270 (1.7£05) x 10~3 4898
3rt3r~ Kt K~ (2640.8) x 1074 4844
3rt3r~ Kt K= x0 ( 7.54+2.6) x 1074 4825
4nt4n— ( 2.60.9) x 10~4 4897
47t 47— 270 ( 1.4+0.6) x 10~3 4867
J/pd/d < 27 x 1075 90% 3857
J/¥(25) < 17 x 1075 90% 3594
¥(25)(2S) < 6 x 1073 90% 3298
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hp(1P) 16PC) =771+ )

Mass m = 9899.3 + 1.0 MeV

hy(1P) DECAY MODES Fraction (I';/T) p (MeV/c)
np(1S)~y (491”?) % 489
sz(lP) [hhbb] ,G(JPC) _ 0+(2 + +)
J needs confirmation.

Mass m = 9912.21 + 0.26 & 0.31 MeV

Xp2(1P) DECAY MODES Fraction (I';/T) Confidence level (Mle)V/c)
v T(1S) (19.1+1.2) % 442
DOXx < 79 % 90% -
atr - Kt K70 (8 £5 )x10~3 4902
2rt 7™ K~ K < 1.0 x 10~4 90% 4901
2t K= K% 2q0 (5.3+£2.4) x 1074 4873
27t 27~ 270 ( 3.5+£1.4) x 10—4 4931
2rt o~ Kt K~ (1.14+04)x104 4888
2ntor~ Kt K==l ( 2.14+0.9) x 10~4 4872
2rt2n~ Kt K—2x0 (3.9+1.8) x 10—4 4855
3rtor” K= K% x0 <5 x 10~4 90% 4854
3t 3m~ (7.0£3.1)x107° 4931
3nt 3~ 270 (1.0+0.4) x 10~3 4908
3rt 3~ KT K- < 8 x 107 90% 4854
3rt3n~ Kt K= 70 (3.6+1.5) x 10~4 4835
At 4n— (8 +4 )x107° 4907
4rtar— 270 (1.840.7) x 1073 4877
J/d < 4 x 1075 90% 3869
J/¥(2S) <5 x 1079 90% 3608
$(25)¥(2S) < 16 x 1072 90% 3313
T(25) 16UPCY =01~ )

Mass m = 10023.26 + 0.31 MeV

m-r(35) — mT(25) = 331.50 &+ 0.13 MeV

Full width ' = 31.98 + 2.63 keV

Mee = 0.612 & 0.011 keV

Scale factor/ p

T(2S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
TAS)n TR~ (17.85+ 0.26) % 475
T(1S)n0x0 (86 + 04)% 480
- (2.00+ 0.21) % 4686
whp~ (1.93+ 0.17) % S=2.2 5011
ete~ (1.91+ 0.16) % 5012
T(1S)x° < 4 x107%  CL=90% 531
T(1S)n (29 + 04 )x1074 $=2.0 126
J/¥(1S) anything < 6 x1073  CL=90% 4533
d anything (34 + 06 )x1075° -

hadrons 94 £11 )% -
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ggg (588 + 12 )%
Y88 (88 £11)%
oKt K~ (16 + 04 )x1076
wrta~ < 258 x10~6
K*(892)° K~ =t + c.c. (23 + 07 )x1076
¢ 15(1525) < 133 x 1076
wh(1270) < 57 x 10~7
p(770) a»(1320) < 88 x 1077
K*(892)° K3(1430)° + c.c. (15 + 06 )x1076
Ky (1270)F KT < 322 x 106
K1(1400)* KF < 83 x 107
by (1235)% 7T < 40 x 107
pT < 116 x 1076
ata= 70 < 80 x 1077
wnd < 1.63 x 106
at o= 7070 ( 1.304+ 0.28) x 10~5
KeK*t7~+ cc. (1.14+ 0.33) x 107©
K*(892)°K+ c.c. < 422 x 1076
K*(892)~ Kt + c.c. < 145 x 1076
Sum of 100 exclusive modes ( 2.90+ 0.30) x 1073

Radiative decays

v xp1(1P) (6.9 + 0.4 )%

v xp2(1P) ( 7.15+ 0.35) %

Yxb0(1P) (38 +£04)%

v fo(1710) < 59 x 10~4
v f5(1525) < 53 x10~4
v 1(1270) < 241 x 10~4
Ync(1S) < 27 x 1075
Y Xco < 1.0 x 10—4
Y Xcl < 36 x 1070
Y Xc2 < 15 x 1075
YX(3872) — 7t J/4p < 8 x 107
YX(3872) — ata=alJ/y < 24 %106
Yxc0(2P) — wJ/9 < 28 x 106
7 X(4140) — oJ/¢ < 12 x 1076
¥ X(4350) — ¢J/1p < 13 x 106
Y15(15) (39 + 15 ) x10~%
y1p(LS) — ~Sum of 26 exclu- < 37 x 1076

sive modes
¥X p5 — Sum of 26 exclusive < 49 x 1076
modes

yX — 7+ >4 prongs liibb] < 1.95 x 10~4
~+AY - ~hadrons < 8 x 1072
va) — yptps < 83 « 106

Lepton Family number (LF) violating modes
et 7T LF < 32 % 10~6
pErF LF < 33 x 1076

CL=90%

CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=95%

CL=90%
CL=90%

CL=90%
CL=90%

4910
4977
4952
4841
4899
4894
4869
4918
4901
4935
4981
5007
4980
5002
4979
4959
4960

4854
4854
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T(1D) 6P =0=277)

Mass m = 10163.7 + 1.4 MeV (S = 1.7)

T(1D) DECAY MODES Fraction (I';/T) p (MeVc)
vy T(1S) seen 679
’VXbJ(]-P) seen 300
nT(1S) not seen 426
ntrT T(15) (6.6+1.6) x 1073 623
XbO(zP) [hhbb) /G(JPC) =ot@*™
J needs confirmation.
Mass m = 10232.5 + 0.4 + 0.5 MeV
Xpo(2P) DECAY MODES Fraction (I;/T) Confidence level (MgV/c)
v T(25) (4.6+2.1) % 207
v T(1S) (9 +6 )x1073 743
DOX <82 % 90% -
atr Kt K= x0 <34 x 1075 90% 5064
2rtrm K~ KY <5 x 1075 90% 5063
ot r” K~ K% 2q0 <22 x 1074 90% 5036
27t 27— 270 <24 x 10~4 90% 5092
ontor~ Kt K~ <15 x10~4 90% 5050
2rton~ Kt K= x0 <22 x 10~4 90% 5035
2rton~ Kt K—2x0 <11 x 1073 90% 5019
3rtor” K~ K0 <7 x 10~4 90% 5018
3nt3m~ <7 x 1075 90% 5091
3rt 37~ 270 <12 x 103 90% 5070
3rt3r KT K™ <15 x 104 90% 5017
3rt3n~ Kt K= 70 <7 x 10~4 90% 4999
Axtan— <17 x 1074 90% 5069
4nt4g— 270 <6 x 10~4 90% 5039
Xb1(2P) [hhbb] ,G(JPC) _ 0+(1 + +)
J needs confirmation.
Mass m = 10255.46 + 0.22 + 0.50 MeV
mXbl(zp) — mXbO(ZP) = 23.5 4+ 1.0 MeV
p
Xxp1(2P) DECAY MODES Fraction (I';/T) Scale factor  (MeV/c)
wT(1S) (1637939 9% 135
v T(2S) (19.9 +£1.9 )% 230
v T(1S) (92 £08)% 1.1 764
w7 xp1(LP) (91 £13)x1073 238
DOX (88 £1.7)% -
atr KT K== (31 +1.0 )x 1074 5075
2t K= KY (11 +05 )x10~4 5075
ot r™ K= K% 2q0 (7.7 £32 )x 1074 5047
2rF 27~ 270 (5.9 £20)x 1074 5104
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ontor~ Kt K~ (10 +4 )x1075 5062
ortor— Kt K= 70 (55 x 1074 5047
2rton= Kt K= 279 (10 +4 )x1074 5030
3rton~ K~ K%n0 (67 £2.6 )x 1074 5029
3rt3n~ (1.2 +0.4 )x10~4 5103
3rt3n~ 270 (1.2 +£04 )x 1073 5081
3rt3n Kt K~ (20 £08)x1074 5029
3rt3n~ KT K™ (61 +22)x1074 5011
4rtan— (1.7 £06 )x 1074 5080
47t 47— 270 (1.9 +£07 )x 103 5051
Xb2(2P) [hhbb) ,G(JPC) _ 0+(2 + +)
J needs confirmation.
Mass m = 10268.65 + 0.22 + 0.50 MeV
mXb2(2P) — mxm(zp) = 13.5 + 0.6 MeV
Scale factor/ p
Xxp2(2P) DECAY MODES Fraction (I';/T) Confidence level (MeVc)
w T(1S) ( 110*033)% 194
v T7(2S) (106 +2.6 )% $=2.0 242
v T(1S) (7.0 £07)% 777
7r7rxb2(1P) (51 +0.9 )x10~3 229
D X < 2.4 % CL=90% -
Ta- Kt K= 70 < 11 x10~4  CL=90% 5082
2rt ™ K~ KS <9 x1075  CL=90% 5082
ortn” K~ K22q0 <7 x1074%  CL=90% 5054
21t 27~ 270 (3.9 ) x 10—4 5110
ontor~ Kt K= (9 ) x 1073 5068
ortor— Kt K= 70 (2.4 ) x 10—4 5054
2t o~ Kt K= 270 (47 ) x 10—4 5037
3rt2r” K~ K% n® < 4 x10~4  CL=90% 5036
3rt3n~ (9 ) x 1075 5110
3nt3n~ 270 (1.2 ) x 1073 5088
3nt3r Kt K™ (1.4 yx 104 5036
3rt3n” Kt K= 0 (42 ) x 10—4 5017
4nt4r— (9 ) x 1075 5087
47t 47— 270 (13 ) x 1073 5058
T(35) 16UPCYy =0—(1— )
Mass m = 10355.2 £+ 0.5 MeV
m'r(35) — m'r(2s) = 331.50 £+ 0.13 MeV
Full width ' = 20.32 + 1.85 keV
Mee = 0.443 % 0.008 keV
Scale factor/ p
T(3S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
T (2S)anything (10.6 +0.8 ) % 296
TQS)rtw (2.82+0.18) % $=1.6 177
T(28) 70 =0 (1.85+0.14) % 190
T(2S)vy (5.0 £0.7 )% 327
T(25)x° < 51 x107%  CL=90% 298
T(1S)r* ( 4.37+0.08) % 813
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T(1S)x0x0 (2.2040.13) % 816
T(1S)n <1 x 1074 CL=90% 677
T(15)x° < 7 x107%  CL=90% 846
hp(1P) w0 < 12 x1073  CL=90% 426
hp(1P)7® — ynp(1S)7° (43 £1.4)x10~4 -
hy(1P) 7t 7~ < 12 x1074  CL=90% 353
- ( 2.29+0.30) % 4863
whp~ (2.18+0.21) % S=2.1 5177
ete~ seen 5178
ggg (35.7 £2.6 )% -
vgg (9.7 £1.8 )x1073 -
Radiative decays
Yxp2(2P) (13.1 £1.6 )% S=3.4 86
vxp1(2P) (126 £1.2 )% S=2.4 99
vxp0(2P) (59 £06 )% S=1.4 122
Yxp2(1P) (9.9 +13 )x1073 $=2.0 434
~vAY - ~yhadrons < 8 %1073 CL=90% -
vxb1(1P) (9 +5 )x10~4 S=1.9 452
Yxbo(1P) (2.7 £04 )x1073 484
ynp(25) < 62 x 104 CL=90% 350
vnp(1S) (5.1 £07 )x10~4 913
vX — v+ >4 prongs Lijbb] < 2.2 x 1074 CL=95% -
yal — yutpo < 55 x 1076 CL=90% -
yadl — yrtro [kkbb] < 1.6 x10~4  CL=90% -
Lepton Family number (LF) violating modes
et T LF < 42 x1076  CL=90% 5025
pErF LF < 31 x1076  CcL=90% 5025
? /57
xb(3P) 10(PC) =272t
Mass m = 10534 £+ 9 MeV
xp(3P) DECAY MODES Fraction (T';/T) p (MeVjc)
T1S)y seen 1019
T2S)y seen 498
T(4S
(45) 1I6UPC =0~ )
or T(10580)
Mass m = 10579.4 £+ 1.2 MeV
Full width ' = 20.5 £ 2.5 MeV
e = 0.272 + 0.029 keV (S = 1.5)
p
T(4S) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
BB > 9 % 95% 327
Bt B~ (51.4 +0.6 )% 332
D_j anything + c.c. (178 £2.6 ) % -
BOBO (48.6 +0.6 )% 327
I KG I/, ne) KS < 4 x 107 90% -
non-BB < 4 % 95% -
ete™ ( 1.57£0.08) x 10> 5290
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pTpm < 5.7 x 1076 90% 5233
K*(892)° KO < 20 x 107 90% 5240
J/¥(1S) anything < 19 x10~4 95% -
D** anything + c.c. < 74 % 90% 5099
¢ anything (7.1 £0.6 )% 5240
on < 18 x 1076 90% 5226
on' < 43 x 1076 90% 519
on < 13 x 1076 90% 5247
o’ < 25 x 1076 90% 5217
T(1S) anything < 4 x 1073 90% 1053
T(1S)nt (81 +£06)x1075 1026
T(1S)n ( 1.96+0.28) x 104 924
TSt (86 +1.3)x1075 468
hp(1P) at not seen 600
d anything < 13 x 1073 90% -
7(10860) 16UPC =01~ )
Mass m = 10876 + 11 MeV
Full width ' = 55 + 28 MeV
lee = 0.31 £ 0.07 keV (S =1.3)
p
T(10860) DECAY MODES Fraction (I';/T) Confidence level (MeVc)
BBX (762 T2 )% -
BB ( 55 +1.0)% 1303
BB* + cc. (13.7 £1.6 )% -
B*B* (381 £3.4)% 1102
BBW 7 < 197 % 90% 990
BB _ (00 £1.2)% 990
B*Bm + BB*m (73 £23)% -
B*B*rm (1.0 £1.4)% 701
BBrm < 89 % 90% 504
Bg*)E_g*) (201 £31)% 877
Bs B (5 £5 )x1073 877
BsBy + cc. ( 1.35£0.32) % -
B:B: (176 £2.7)% 495
no open-bottom (38 30)% -
etem ( 56 £31)x107° 5438
K*(892)0 KO < 10 x 1075 90% 5390
TAS)nt 7w ( 53 £06 )x103 1297
TQS)nt 7 ( 7.8 £1.3 )x103 774
T3S)rt ( 48 T19)x1073 429
TAS)KT K~ (61 +1.8)x104 947
hp(1P) 7t ( 35 t19)x10-3 894
hp(2P) 7t ( 6.0 T2l %103 534
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Inclusive Decays.

These decay modes are submodes of one or more of the decay modes

above.
¢ anything (138 T2 )% -
DO anything + c.c. (108 +8 )% -
Dg anything + c.c. (46 £6 )% -
J/¢ anything ( 2.06+0.21) % -
BO anything + c.c. (77 +8 )% -
BT anything + c.c. (72 +6 )% -
7T(11020) 16(JPC)y =0—1— )

Mass m = 11019 + 8 MeV
Full width ' = 79 £+ 16 MeV
lee = 0.130 £ 0.030 keV

7(11020) DECAY MODES Fraction (I;/T) p (MeV/c)

ete~ (1.6+0.5) x 1076 5510
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NOTES
In this Summary Table:
When a quantity has “(S = ...)" to its right, the error on the quantity has been
enlarged by the “scale factor” S, defined as S = /x2/(N — 1), where N is the
number of measurements used in calculating the quantity. We do this when S > 1,
which often indicates that the measurements are inconsistent. When S > 1.25,
we also show in the Particle Listings an ideogram of the measurements. For more
about S, see the Introduction.
A decay momentum p is given for each decay mode. For a 2-body decay, p is the
momentum of each decay product in the rest frame of the decaying particle. For a
3-or-more-body decay, p is the largest momentum any of the products can have in
this frame.

[a] See the “Note on 7+ — ¢* vy and K* — (%1~ Form Factors” in the
7% Particle Listings in the Full Review of Particle Physics for definitions
and details.

[b] Measurements of (e ) /T (1T 17,) always include decays with ~'s, and
measurements of (et v y) and (1T 1, ) never include low-energy 7s.
Therefore, since no clean separation is possible, we consider the modes
with 7’s to be subreactions of the modes without them, and let [[(eT v,)

+ r(ﬂ+ V;L)]/rtotal = 100%.

[c] See the 7% Particle Listings in the Full Review of Particle Physics for the
energy limits used in this measurement; low-energy +'s are not included.

[d] Derived from an analysis of neutrino-oscillation experiments.

[e] Astrophysical and cosmological arguments give limits of order 10~13; see
the 70 Particle Listings in the Full Review of Particle Physics.

[f] C parity forbids this to occur as a single-photon process.

[g] See the “Note on scalar mesons” in the f(500) Particle Listings in the
Full Review of Particle Physics. The interpretation of this entry as a
particle is controversial.

[h] See the “Note on p(770)” in the p(770) Particle Listings in the Full
Review of Particle Physics.

[/] The wp interference is then due to wp mixing only, and is expected to
be small. If ey universality holds, M(p® — ptu=) =T(p° — ete™)
x 0.99785.

[j] See the “Note on scalar mesons” in the fy(500) Particle Listings in the
Full Review of Particle Physics.

[k] See the “Note on a1 (1260)” in the a;(1260) Particle Listings in PDG 06,
Journal of Physics (generic for all A,B,E,G) G33 1 (2006).

[/] This is only an educated guess; the error given is larger than the error
on the average of the published values. See the Particle Listings in the
Full Review of Particle Physics for details.

[n] See the “Note on non-gq mesons” in the Particle Listings in PDG 06,
Journal of Physics (generic for all A,B,E,G) G33 1 (2006).

[0] See the “Note on the 1(1405)” in the 1(1405) Particle Listings in the
Full Review of Particle Physics.

[p] See the “Note on the f;(1420)" in the 7(1405) Particle Listings in the
Full Review of Particle Physics.

[q] See also the w(1650) Particle Listings.

[r] See the “Note on the p(1450) and the p(1700)” in the p(1700) Particle
Listings in the Full Review of Particle Physics.

[s] See also the w(1420) Particle Listings.
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[t] See the “Note on fy(1710)" in the fy(1710) Particle Listings in 2004
edition of Review of Particle Physics.

[u] See the note in the K= Particle Listings in the Full Review of Particle
Physics.

[v] The definition of the slope parameter g of the K — 3 Dalitz plot is as
follows (see also “Note on Dalitz Plot Parameters for K — 3w Decays”
in the K+ Particle Listings in the Full Review of Particle Physics):

|M[* =1+ g(s3 — so)/m2, + -+
[x] For more details and definitions of parameters see Particle Listings in the
Full Review of Particle Physics.
[¥] See the K* Particle Listings in the Full Review of Particle Physics for
the energy limits used in this measurement.
[z] Most of this radiative mode, the low-momentum ~ part, is also included
in the parent mode listed without ~'s.
Structure-dependent part.
Direct-emission branching fraction.
Violates angular-momentum conservation.
Derived from measured values of ¢_, ¢go, |n], |mK(z — Kg|
TKOS, as described in the introduction to “Tests of Conservation Laws.”

[aa
[bb
[cc
[dd

m and

[ee] The CP-violation parameters are defined as follows (see also “Note on
CP Violation in Ks — 37" and “Note on CP Violation in K{ Decay”
in the Particle Listings in the Full Review of Particle Physics):

) A(KE — atr7)
Ny = |y e+ = ———— — —¢ 4+ ¢
* 4| A(KOS — 7t717)
AKY — 7079)

— =2
A(KOS — 7070)

100 = \7700|ei¢°° =

MK — 7 ¢tv) = (K} — ntew)

MK — 7 etw) + T(KS — 7temw)
r(K% N 71.+7T77T0)CP viol.

2 _
Im(n4—0)* = F(K(Z R — )

5 F(KOS — a07070)
Im(000)” = =~ 505y -
MNK; — m°n°x°)
where for the last two relations CPT is assumed valid, i.e., Re(n4_q) ~
0 and Re(’r]()oo) ~ (.
[ff] See the Kg Particle Listings in the Full Review of Particle Physics for
the energy limits used in this measurement.
[gg] The value is for the sum of the charge states or particle/antiparticle
states indicated.
[hh] Re(€'/€) = €' /¢ to a very good approximation provided the phases satisfy
CPT invariance.
[if] This mode includes gammas from inner bremsstrahlung but not the direct
emission mode K9 — 7+ 7~ y(DE).
[if] See the KO Particle Listings in the Full Review of Particle Physics for
the energy limits used in this measurement.

[kk] Allowed by higher-order electroweak interactions.
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[N Violates CP in leading order. Test of direct CP violation since the in-
direct CP-violating and CP-conserving contributions are expected to be
suppressed.

[nn] See the “Note on f,(1370)" in the f(1370) Particle Listings in the Full
Review of Particle Physics and in the 1994 edition.

[00] See the note in the L(1770) Particle Listings in Reviews of Modern
Physics 56 S1 (1984), p. S200. See also the “Note on K,(1770) and
the K,(1820)" in the K,(1770) Particle Listings in the Full Review of
Particle Physics.

[pp] See the “Note on K5(1770) and the K5(1820)" in the K»(1770) Particle
Listings in the Full Review of Particle Physics.

[qq] This result applies to Z0 — ¢ decays only. Here ¢+ is an average (not
a sum) of et and p* decays.

[rr] See the Particle Listings for the (complicated) definition of this quantity.

[ss] The branching fraction for this mode may differ from the sum of the
submodes that contribute to it, due to interference effects. See the
relevant papers in the Particle Listings in the Full Review of Particle
Physics.

[tt] These subfractions of the K~ 27t mode are uncertain: see the Particle
Listings.

[uu] Submodes of the Dt — K~ 27+ 70 and K% 27+ 7~ modes were studied
by ANJOS 92C and COFFMAN 92B, but with at most 142 events for the
first mode and 229 for the second — not enough for precise results. With
nothing new for 18 years, we refer to our 2008 edition, Physics Letters
B667 1 (2008), for those results.

[vv] The unseen decay modes of the resonances are included.

[xx] This is not a test for the AC=1 weak neutral current, but leads to the
et e~ final state.

[yy] This mode is not a useful test for a AC=1 weak neutral current because
both quarks must change flavor in this decay.

[zz] In the 2010 Review, the values for these quantities were given using a
measure of the asymmetry that was inconsistent with the usual definition.

[aaa] This value is obtained by subtracting the branching fractions for 2-, 4-
and 6-prongs from unity.

[bbb] This is the sum of our K 2rtz~, K 2rtz x0,
KO2rt2r—, KT2K—7t, 27t 2~ 27t 272~ 70, K* K7t 7, and
K* K= atx— 29, branching fractions.

[ccc] This is the sum of our K~ 3727~ and 37+ 37~ branching fractions.

[ddd] The branching fractions for the K~ et v, K*(892) et e, m~ et v,
and p~ et v modes add up to 6.19 + 0.17 %.

[eee] This is a doubly Cabibbo-suppressed mode.

[fff] The two experiments measuring this fraction are in serious disagreement.
See the Particle Listings in the Full Review of Particle Physics.

[ggg] Submodes of the DO — KOST!'+ 7~ x% mode with a K* and/or p were
studied by COFFMAN 92B, but with only 140 events. With nothing new
for 18 years, we refer to our 2008 edition, Physics Letters B667 1 (2008),
for those results.

[hhh] This branching fraction includes all the decay modes of the resonance in
the final state.

[/if] This limit is for either D° or D° to pe~.

[iij] This limit is for either D® or D° to pe*.
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[kkk] This is the purely et semileptonic branching fraction: the et fraction
from 71 decays has been subtracted off. The sum of our (non-7) et
exclusive fractions — an et v, with an 7, 7/, ¢, KO, K*0 or 0(980) —
is7.0+ 0.4 %

[/1] This fraction includes n from »’ decays.

[nnn] Two times (to include u decays) the ' et ve branching fraction, plus the
' 7, o' pT, and o K fractions, is (18.6 4 2.3)%, which considerably
exceeds the inclusive i’ fraction of (11.7 + 1.8)%. Our best guess is that
the 7/ pt fraction, (12.5 & 2.2)%, is too large.

[ooo] This branching fraction includes all the decay modes of the final-state
resonance.

[ppp] A test for uT or dd content in the D;’. Neither Cabibbo-favored nor
Cabibbo-suppressed decays can contribute, and w—¢ mixing is an unlikely
explanation for any fraction above about 2 x 1074,

[gqq] We decouple the D;r — ¢t branching fraction obtained from mass
projections (and used to get some of the other branching fractions) from

the Dj — ¢nt, ¢ — KT K™ branching fraction obtained from the
Dalitz-plot analysis of Dj — KT K~ 7T, That s, the ratio of these two

branching fractions is not exactly the ¢ — KT K~ branching fraction
0.491.

[rrr] This is the average of a model-independent and a K-matrix parametriza-
tion of the 7 7~ S-wave and is a sum over several f) mesons.

[sss] An ¢ indicates an e or a u mode, not a sum over these modes.

[ttt] An CP(=£1) indicates the CP=+1 and CP=—1 eigenstates of the D°-D°
system.

[uuu] D denotes DO or D,

[wv] DE%, decays into DOx0 with the D reconstructed in CP-even eigen-
states KT K~ and 7t 7.

[xxx] D** represents an excited state with mass 2.2 < M < 2.8 GeV/c?.

Lyyy] X(3872)" is a hypothetical charged partner of the X(3872).

[zzz] ©(1710)** is a possible narrow pentaquark state and G(2220) is a
possible glueball resonance.

[aaaa] (A7 p), denotes a low-mass enhancement near 3.35 GeV/c2.

[bbaa] Stands for the possible candidates of K*(1410), K{(1430) and
K3(1430).

[ccaa] BY and Bg contributions not separated. Limit is on weighted average
of the two decay rates.

[ddaa] This decay refers to the coherent sum of resonant and nonresonant JP
= 0T K components with 1.60 < my, < 2.15 GeV/c2.

[eeaa] X(214) is a hypothetical particle of mass 214 MeV/c? reported by the
HyperCP experiment, Physical Review Letters 94 021801 (2005)

[ffaa] ©(1540)T denotes a possible narrow pentaquark state.

[ggaa] Here S and P are the hypothetical scalar and pseudoscalar particles with
masses of 2.5 GeV/c? and 214.3 MeV/c?, respectively.

[hhaa] These values are model dependent.

[iiaa] Here “anything” means at least one particle observed.

[jjaa] Thisis a B(B® — D*~ ¢t ) value.
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[kkaa] D** stands for the sum of the D(11P;), D(13P;), D(13P;), D(13P5),
D(215p), and D(21S;) resonances.
[flaa] DX)D™) stands for the sum of D*D*, D*D, DD*, and DD.

[nnaa] X (3915) denotes a near-threshold enhancement in the wJ/v) mass spec-
trum.

[ooaa] Inclusive branching fractions have a multiplicity definition and can be
greater than 100%.

[ppaa] D; represents an unresolved mixture of pseudoscalar and tensor D**
(P-wave) states.

[ggaa] Not a pure measurement. See note at head of Bg Decay Modes.
[rraa] For E, > 100 MeV.

[ssaa] Includes pprt 7~ and excludes ppn, ppw, pp7'-

[ttaa] For a narrow state A with mass less than 960 MeV.

[uuaa] For a narrow scalar or pseudoscalar A with mass 0.21-3.0 GeV.
[vvaa] For a narrow resonance in the range 2.2 < M(X) < 2.8 GeV.

]

BHARDWAJ 11 does not observe this decay and presents a stronger
90% CL limit than this value. See measurements listings for details.

vvaa
[xxaa

[yyaa) JPC known by production in et e~ via single photon annihilation. 16
is not known; interpretation of this state as a single resonance is unclear
because of the expectation of substantial threshold effects in this energy
region.

[zzaa] 2m, < M(7T77) < 9.2 GeV

[aabb] 2 GeV < m . o < 3 GeV

[bbbb] X = scalar with m < 8.0 GeV

[ccbb] XX = vectors with m < 3.1 GeV

[ddbb] X and X = zero spin with m < 4.5 GeV
[eebb] 1.5 GeV < mx < 5.0 GeV

[ffbb] 201 MeV < M(uT ™) < 3565 MeV

[ggbb] 0.5 GeV < mx < 9.0 GeV, where myx is the invariant mass of the
hadronic final state.

[hhbb] Spectroscopic labeling for these states is theoretical, pending experi-
mental information.

liibb] 1.5 GeV < mx < 5.0 GeV
Lijbb] 1.5 GeV < mx < 5.0 GeV
[kkbb] For m_, __ in the ranges 4.03-9.52 and 9.61-10.10 GeV.

T



